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PREFACE. 



The circninstances leading to the experimental inquiiy of which 
the following treatise forms the record, may be briefly stated as 
follows : — 

Messrs. Eobert Napier & Sons having received orders for some 
high-pressure boilers and marine machinery, where lightness combined < 
with strength was of the utmost importance, it was proposed to use 
''homogeneous-metal** for the one and '^puddled-steeP for the other, 
instead of wrought-iron as ordinarily employed. As these materials, 
however, had then been only recently introduced, it was considered 
prudent, before employing them, to ascertain their relative merits; and 
with this view the apparatus, to be described afterwards, was erected. 
At the time it was only intended to test a few specimens of each, but 
the investigation proved both so interesting in itself and so likely to 
conduce to important practical results, that I was induced, under the 
sanction of Messrs. Napier, to extend the experiments, as leisure 
and opportunity offered, very considerably beyond what had been 
originally contemplated. The testing was commenced on 13th April, 
1858, and terminated 18th September, 1861, during which time the 
same apparatus was employed by me in testing for Messrs. Napier 
the strength of the iron plates and angle-iron to be used in the 
construction of H. M. armour-cased ships ''Black Prince** and 
"Hector.** 

The results of some of these experiments were sent by Messra 
Napier to the Institution of Engineers in Scotland, and were published 
in 1859 in the second volume of its Tran8action& The Tables were 
accompanied by illustrative Plates (the first four of the present series) 
and a few explanatory remarks, but without any direct expression 
of opinion, as it was then considered advisable merely to present tlie 
numerical results, and leave every one to draw his own conclusiona 
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The Scottish Shipbuilders' Association having expressed their wish 
that I should furnish it with an account of my experiments, and the 
conclusions at which I had arrived, a paper was, accordingly, with 
the concurrence of Messrs. Napier, drawn up by me, and was read 
before the Association at its meeting in April last year. As the 
time allowed for its preparation was necessarily limited, and as many 
of the calculations and experiments hereafber tabulated were then still 
in progress, it was agreed that no discussion should take place until 
the whole subject was &irly completed. Although a much longer 
time has elapsed than I could have wished, between the reading of the 
above paper and the publication of the present essay, I trust that a 
due allowance will be made for the importance of the subject and the 
amount of work to be performed. 

^ The experiments were made for, and in the Works of, Messrs. 
Napier, but the entire management was left to myself, to act as I con- 
sidered to be for the best advantage. It may also be stated, that I 
received no assistance whatever in carrying out these experiments. 
The specimens were all collected and registered, the results of the 
testing noted, and the whole of the calculations worked out by myself, 
so that I alone am responsible for their accuracy. During the last 
six months, since leaving Messrs. Napier, in whose employment I was 
for nineteen years, I have been enabled to devote a much larger share 
of attention to the subject than I could formerly bestow on it, when I 
was engaged with other duties. 

Whilst stating my own conclusions, derived wholly from experiments 
personally instituted by me, I considered it desirable to adduce, at the 
same time, the opinions entertained by others. Wishing to do so as 
fidrly as possible, I deemed it advisable to quote their own words 
rather than attempt to express their views myself, which might have 
exposed me to the charge of misconstruction. These quotations have 
been carefully extracted and the source duly acknowledged. Beferencc 
has also been made to all the previous experiments that I could find 
bearing on the present question. 

It has been my anxious endeavour, throughout the whole of this 
investigation, to pursue it with candour and impartiality, and to pre- 
sent to those interested in such matters a plain statement of the facts 
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elicited. I have striven to avoid drawing anything like uujiistifiahle 
infereDoes or deductions, and have contine<l myself strictly to such 
conclusions as I believe to be fully warranted by the experiments. 
The data on which these are based being all minutely stated, it 
will be in the power of every one to judge for liimself of their 
correctness. 

To the President and Council of the Institution of Engineers in 
Scotland I have to express my thanks for their kindness in presenting 
me with the stereotyped portion of the Tables oi-iginally published in 
their Transactions, and now forming the first series of Tabulated 
Results in the following treatise. The second series of Tables is 
entirely new, and now published for the firat time. 

David Kirkaldy. 



4 CoRUNNA Street, 
Glasgow, 16th July, 1863. 



PREFATORY NOTE TO THE SECOND EDITION'. 



In printing a second thousand copies of this work, I embrace the 
opportunity it oflfers to express the satisfaction which I feel that my 
earnest endeavours to supply reliable data have been so fully appre- 
ciated by Civil, Mechanical, and Mining Engineers, Iron and Steel 
Makers, Merchants, and Shipowners throughout the country. In the 
List of Subscribei-s now appended will be found the names of many of 
the piincipal firms in the vaiious departments of Iron Manufacture 
and Engineering, and of many individuals who hold the most promi- 
nent places among scientific and constructive Engineers. 

On 26th November last I submitted to the Institution of Engineers 
in Scotland a paper containing the various conclusions which I have 
deduced from my experiments, and exhibited an extensive series of 
the fractured and other specimens produced in course of my inves- 
tigations. These conclusions are embodied in this work, and a full 
report of the lengthened discussion that took place at that and the 
following meeting will be found in the Society's published Proceedings. 
The si)ecimens were also exliibited to the Scottish Shipbuildei-s' 
Association on 1st December last, and in the Appendix (M) there is 
inserted a copy of a letter read at the meeting of the Association on 
5th January, and a report of the discu&sion that followed. 

I shall always cherish in grateful remembrance the many acts of 
personal kindness bestowed upon me, and the many encouraging 
letters received in connection with this work. 



David Kirkaldy. 



4 GoRUNNA Street, 
Glasgow, mh June, 1863, 
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EXPERIMENTS 



IRON AND STEEL. 



PbELIMINABY EEMARK& 

1. In response to the expressed wish of this Association,* that he 
should give some explanations relative to these experiments, and 
the conclusions arrived at, the writer proceeds to give a detailed 
account of the whole process and results, that all may judge for 
themselves. Having frequently experienced disappointment when 
examining experiments on various interesting subjects, from many 
particulars necessary for their fair consideration being withheld, in- 
tentionally or otherwise, he resolved, should ever an opportunity occur, 
to avoid tnat error; and in now endeavouring to do so, he may by some 
be considered to have given more details than are required. He has 
anxiously endeavoured to arrange in a series of tables the mass of col- 
lected and calculated data in as oomimct a form as seemed practicable, 
in order to facilitate comparison of the various results, and also with 
the view of enabling those who may choose to consult them to select 
the material best suited for their particular purpose. 

2. It seems remarkable that whilst wo have the results of many 
important and reliable experiments on Cast-iron, extremely few 

»have been made, or at least published, on Wrought-iron, and almost 
none on SteeL Although much has been said and written on the 

.subject of wrought-iron and steel, yet, such is the great diversity 
of opinions held and stated by different individuals, that it is hoped 
the results of these experiments, intended simply to elicit the truth, 
will be considered worthy of examination by those interested, and 
also at the same time prove of practical utility. Believing that 
the collection and methodical arrangement of carefully ascertained 
data is the best and only certain way of arriving at light conclusions, 

• See Preface, 
B 
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this opportunity was eagerly embraced of obtaining fects by direct 
experiment; and that wifch as many varieties of each as could be 
obtained. 

3. Although the present inquiiy has been confined to the effects 
produced from Tension strains alone, the field is nevertheless an ex- 
tensive one, as will at once be apparent when we consider the many 
kinds of iron-ore used, the different methods of converting it— on the 
one hand into steel, and on the other into wrought-iron, and also 
the difference in the fuel employed. 

4. In these experiments, whilst ascertaining the exact amount of 
strain reqidred to tear the pieces asunder, in order to know and 
compare their different tenacities or ultimate strengths, it was con- 
sidered of no less importauce to observe and note many other par- 
ticulars, as likely to disclose their various peculiarities. It was 
necessary to test several pieces in each lot, to obtain an average, and 
these had all to be broken in precisely the same manner. 

5. With the view of still further developing any other properties, 
and also to find the effects produced, if any, by subjecting the speci- 
mens to various kinds of treatment, other pieces were taken from the 
same bars and plates as the previous set, and similarly broken, whilst 
in some the effects of altering the specimen's shape were also 
ascertained. 

' 6. Pieces were likewise taken and screwed, to ascertain how much 
the strength was reduced, or the ratio that a screwed bolt bore to the 
original bar; whilst other pieces were cut asunder and then welded, to 
. find the relative strength of welded joints. 

. 7. The strain in all these cases was gr<kduaUy increased until rupture 
I took place; but with another set of specimens, also taken from the 
' same bars, the strain was svdderdy applied. 

8. Remarks, and the various conclusions come to, will be given 
under the following sections, viz. :— 

I. Mode of collecting specimens. 
II. Description of testing apparatus. 
III. Preparation of specimens. 
rV. Classification of experiments. 
Y. Mode of conducting experiment& 
YI. Method of calculating and tabulating detailed results. 
YII. Tabulated summary of results. 
YIIL Breaking weight and contraction of area — Iix)n. 
IX. Do. do. do. do. SteeL 

X. Appearance of fractures — Iron. 
XI. Do. do. Steel. 
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Xn. Bate of elongation under increasing strains. 

XIIL Influence of various kinds of treatment. 

XIY. Effects of altering shape of specimen. 

X Y. Comparative strength of screwed and chased bolts. 

XYL Belative strength of welded joints. 

XYII. Suddenly applied strains. 

XYin. Specific gravities. 

XIX. Concluding observations. 

L Mode of Collectino Specikekts. 

9. For the Government '^ Experiments on Cast-Iron for Cannon/' 
the producers were invited to send in samples, but for the present 
inquiiy it was considered decidedly preferable to take the specimens 
that were to be tested fix)m bars and plates as produced for the 
market^ instead of applying to the various makers for samples, 
which might or might not be superior to those usually turned out 
It is therefore to be understood that all the specimens tested were 
indiscriminately collected from engineers* or merchants* stores, except 
those marked samples, which were obtained from the makers, owing 
to their not being found in stock at the time. In some instances, 
however, specimens of the same make were afterwards obtained 
from stores, and consequently both sets appear in the accompanying 
tablea 

10. An attempt was made to suppress the publication of the first 
portion of these experiments, under the plea that the pieces had not 
been procured directly for the purpose ; but fortunately it was unsuc- 
cessful, and it is hardly necessary to mention that the threatened legal 
proceedings have not ^ commenced. 

11. The trial specimens were severally cut fix)m four or more dif- 
ferent bars or plates, to obtain an average, whilst fix)m each plate a 
piece was cut off lengthways, and another crossways, and corre- 
spondingly marked L and C. All the trial specimens were duly 
registered, when, and from whom received, and were distinguished 
by numbers or marks. 

12. Nothing was taken as to the origin of which the least doubt 
existed; and, with very few exceptions, the plates and bars bore the 
makers* brands. In many cases, the makers* names or brands were 
concealed from the experimenter, at his own i^uest, until after the 
specimens were tested and the results communicated to the parties 
from whom they were obtained; such specimens being sent with 
private marks for subsequent identification. 
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13. Although the quality of the specimens, in too many instances, 
was greatly inferior to that indicated by the brand, there are many 
others in the tables in which the two corresponded, and in a few the 
quality was superior. 

II. Description of Testing Apparatus. 

14. The apparatus employed was of the simplest construction, 
and proved during the experiments to work most satisfactorily. 
It is fully delineated in Plate I.; fig. 1, being a longitudinal 
sectional elevation of the entire arrangements; fig. 2, a corre- 
sponding end elevation; and figs. 3 to 6, representing details drawn 
on a larger scale. A large cast-iron base-plate, a, resting on wooden 
sleepers, 6, forms a rigid foundation for the two upright standards, 
C^ which support the cross bar, o?, passing through the eyebolt, 
tf, of the large wrought-iron steelyard, P. Shackles, g, connect the 
steelyard's eyebolt, A, to the specimen, A;, to be tested; the lower 
end of the specimen being connected by the shackles, (/, to the 
adjusting screw, /, which works in a nut fastened to the underside 
of the foundation plate, A. A platform, M, supports the men who 
apply the weights, n, by separate hooks to chains hanging from the 
end of the steelyard, p. An adjustable platform, o, receives the 
falling weights, whilst the block, p, sustains the steelyard, when it 
drops at the breaking of the specimen. A rope-sling, r, attached to 
the chain-hook of a derrick crane, is employed for elevating the steel- 
yard into the position indicated by dotted lines, at the commence- 
ment of each experiment ; the amount of elevation varying with the 
specimen to be tested. 

III. Preparation op Specimens. 

15. The necks of the bolts were slightly tapered, as shown in 
fig. 5, to insure the fracture taking place somewhere in the centi-al 
part or body of the bolt, instead of at the neck or shoulder; 
the heads of the iron bolts were formed by welding on rings, and 
those of the steel by staving down the solid bar. Several attempts 
were made to weld rings on the latter; but, in most instances, 
the rings failed at the trial, and consequently other specimens 
had to be substituted. Figs. 3 and 4 represent the forms of tlie 
plate specimens; the thinner plates tested having side pieces rivetted 
on, as shown in fig. 4, to give longer bearings to the steel pins, whilst 
the plates, fig. 3, of a thickness of four-tenths and upwards did not 
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xeqnire any. Fig. 5 exhibits the form of the bar specimens with full 
details of their receiving shackles, three different sets being used to 
suit the various sizes tested. Fig. 6 refers to the sci^ew bolt-and-nnt 
ex|)eriments. Marks were made with a centre-punch for receiving 
the points of a large pair of compasses, and used for measuring the 
gradual elongation of the specimens, as the weights were applied to 
the steelyard, as shown in the various figures. In order to ascertain 
the length of the part stretched, a number of specimens had the 
distance between the punch marks divided into half-inch spaces 
previous to applying the weights as in Plate XIV. 

16. In order that the series might be strictly comparative, care was f 
taken that, as far as was possible, all the specimens should be similarly ^ 
prepared, or when otherwise, the difference stated. On referring to the 
accompanying Tables, A and B, in the description column will be found 
the terms '' rolled bars,*' signifying that the central portion, or part to 
be drawn asunder, had not been operated upon by the smith ; " forged," 
that they were reduced to the given size by the smith ; and " planed," 
that the rolled bar had been reduced in the planing machine, to find 
if its relative strength was thereby affected; whilst other pieces are 
noted as '' turned" down in the lathe for a similar purpose. 

17. Yanons sizes of bars were taken, to ascertain if the relative 
strength increased as the bars decreased in diameter; also square and 
round bars, to find if they corresponded per square inch of section. 



IV. Classification op Experiments. 

18. The results of these experiments are given in a series of 
twenty tables, distinguished by the letters A, B, kc, and sixteen 
illustrative plates, grouped and arranged as follows : — 

TABLES. 
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ILLFSTEATIVE PLATEa 
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1 9. The following list of specimens experimented upon doesnotindude 
those used in the many preliminaiy trials made in order to ascertain 
the accuracy of the apparatus, the most suitable method of conduct- 
ing the experiments, the size and form of specimens, mode of apply- 
ing the weights, &c ; neither does it include any of those specimens 
that could not with fairness be given, and which were subjected to &esh 
trials on account of casual defects in their preparation, &c Also in 
cases where there occurred a great dissimilarity in one of the pieces 
forming a lot, another piece ttom the same bar or plate was tested in 
confirmation, and of course only the result of one could equitably be 
given in the tables : — 

90 Steel bars, Table A, index namben, 1 to 90 

t^lOlToah^ „ B .. „ {JJJ.. 300 

80 Steel pUtes, « <' » „ 801 „ 880 

829 Ixonplatee, „ D „ „ {^gl „ 600 

72 Angle-Iron, &c, „ » „ „ 601 „ 672 

44 Steel bare, Treated variously,.... „ N „ „ 1001 „ 1044 

76 Iron bars, do. do., ... „ N „ „ io46 „ 1120 

20 Iron plates, da do., ... „ O „ „ 1121 „ 1140 

24 Steel pUtes, do. do., ... „ O „ „ lui „ ii64 

14 Steel plateB,Rivetted joints, „ O „ „ 1166 „ 1178 

44 lion bars, Shaped variously, „ P „ „ 1201 „ 1244 

180 Iron ban, Screwed, chased,. » Q »f » 1801 „ 1480 

18 Iron ban, Welded joints, m ^ n w 1481 „ 1498 

2 Steel bats, da da, », S „ „ 1499 „ 1600 

60 Iron ban. Suddenly applied strains, „ T „ „ 1501 „ 1660 

Total, 1868 ipeeimens tested by Xaehiiie. 

Total, 166 speoiiiieni tested by Speeiiio gravity. 

Total, 286 ipeoiiiieni tested by Xvriatio add. 

98 lion bars, Spedflc gravity, Table U index nmnben, 1601 to 1698 

10 Angle-tton, da da, » ^ w « * 1694 „ 1708 

80 Iran plates, da da, „ U „ „ 1704 „ 1788 

16 Steel pUte^ da da, » XT „ „ 1784 „ 1749 

16 Steel bars, da da, „ U „ „ 1750 „ 1765 



. Method of CalindaUng and Tcflhdathig DeUiiled 15 

Sumniaxy of resnlts, Sted b«n, Table F, r^/^reiiM Domben, 1 to 18 

Do. Do., StaelplatM, „ h „ „ 61 «i 72 

Do. Da, IronbAFB, „ a ti » 101 „ 180 

Do. Dou, Iron pUto, „ z „ „ 201 „ 268 

Do. Do., Angle-iron, &a, .... „ k » „ 271 „ 288 

Rate of elongation, Obeenred, „ i« „ „ 301 „ 470 

Do. Da, Bedoced, „ N „ >, 601 „ 590 

Snmmaiy of reaolta, Screwed bolts, „ B », ,t 601 „ 628 

20. In these tables the strains are all stated in Ibs.^ but Table V 
is added to facilitate their conversion into tons by those who may 
wish to effect it 

Y. Mode of Conduchno Experiments. 

21. Each bolt, with the bearing part of its heads turned true in the 
lathe, was first carefully gauged, and the distance between the inside 
edges of the heads measured by an accurately-divided ivory scale, and 
the same duly recorded. The bolt was then fastened in the shackles 
and placed in position, the steelyard having been raised to the 
required elevation by means of the crane. The connection having 
been completed by means of two steel pins, the crane chain and sling 
were lowered so as to dear the steelyard, and the attendants applied 
the weights in succession, beginning with weights of 56 lbs., and 
gradually reducing to weights of 28 lbs., 14 lbs., 7 lbs., 4 lbs., as the 
breaking point was approached. The descent of the steelyard was 
observed by sighting it with the brick-work of a neighbouring 
wall; additional weights were not applied until the motion caused 
by the preceding weights ceased to be apparent 

22. In the hard, brittle, and coarser kinds of Iron little or no 
indication was given of the approaching rupturo, by the gradual 
descent of the steelyard; on the contrary, it dropped suddenly on the 
breaking of the specimen. This remark also applies to the hard classes 
of SteeL In such cases the lighter were repeatedly changed for 
heavier weights, until the limit of the specimen's tenacity was reached. 

YL Method of Caloulating and Tabulating Detailed Results. 

23. The specimens are distinguished by index numbers placed in the 
first column of each Table, and to avoid confusion no index number is 
repeated. In "Table A— Steel Bars," and "Table B— Iron Bars," 
column 3 records for each experiment the total weight on the steel- 
yard at the time it dropped. This is multiplied by 28, leverage of 
steelyard, and there is added to the product the weight required to 
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connterbalance the steelyard, namely, 9,142 lbs., less 72 lbs. weight of 
the two upper shackles with their pins, or 9,070 lbs., the net weight 
Thus, for example, when specimen No. 1, Table A, broke, there were 
on the steelyard eleven 56 lb., five 28 lb., and two 14 lb. weights, = 
784 lbs., making, with 38 Iba weight of attaching hooks and chain, 
822 lbs., as stated in column 3; and 822 lbs. x 28 leverage of steelyard 
= 23,016 lbs., making, with 9,070 lbs. for steelyard, 32,086 lbs., which, 
being divided by the area of the specimen, '2207 (column 2), gave 

1145,383 lbs. (column 4) as the breaking weight of that specimen per 
square inch of its original sectional area. 
24. The bars contracting more or less, accoixling to the quality or 
peculiarities of the Steel and Iron tested, it was considei-ed both 

I interesting and important to present these results in a tabular form. 

i Accordingly, columns 6 and 12 contain, respectively, the sizes result- 
ing from the general stretching of the bolts and that at the Jractures; 
columns 7 and 13 give the corresponding areas, and columns 8 and 14 
the differences between these and the original areas. The mean dif- 
ferences of the various lots are given in columns 9 and 15; and in 

; columns 10 and 16 the per centages of the same; whilst the results 

j of dividing by the stretched and /mctured, instead of by the original 

\ areas, are given in columns 11 and 17. 

/ 25, The total elongation of each specimen was found by noting the 
length (between the insides of the heads) previous to submitting it to 
the test, and deducting that from the length, again measured by 
placing the two broken pieces as close together as the nature of the 
fracture would admit (allowance being made for any intervening 
space). This difference is entered in column 18 of the Tables; 
original length in column 10; mean difference or elongation in inches 
in column 19; and per centage in column 21. 

26. Characteristics of the fracture are attempted to be given in 
columns 22, 23, and 24 ; column 24 referring to the accompanying 
illustrations, Plates II., III., IV., and V. The particular specimen 
selected for illustration, as the representative of its class, is dis- 
tinguished in the Tables by a heavy letter, as A; the others grouped 
under that class having a lighter letter, as A. When two letters 
are used, it signifies that the specimen presents mixed features. 
Column 22 indicates whether the fracture is wholly fibrous or not; in 
Table A — Steel bars, " 100" signifies that the fracture is entirely of 
a fine granular semi-lustrous appearance ; " 0," that it is wholly of a 
silky fibrous lustre; whilst in Table B, "0'* indicates that the Iron is 
entirely fibrous, and, " 100," that it is wholly crystalline, of a bright 
shining lustre. Intermediate numbers indicate intermediate qualities, 
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but only approximately. The general colour of the Iron and nature 
of its fibre are given in column 23. 

27. The results are similarly recorded in Table C — Steel Plates; 
Table D — Iron Plates; Table E — Beam, Strap, and Angle-Iron. They 
contain, however, no reference to the stretched dimensions, owing to the 
circumstance that these were not so distinguishable from the original 
and fractured sizes as was generally the case in the bar specimens. 

VII. Tabulated Sukmabt op Eesults. 

28. The princijml results contained in the preceding Tables are 
given in a condensed form in Tables F, G, H, J, K. Breaking weight 
per square inch of original area, in columns 1, 2, 3 ; per square inch of 
fractured area, column 6 ; Contraction of area at fracture, in per cent- 
age of original area, column 9 ; Elongation in per centage of original 
length, column 11 ; Characteristics of fracture, column 13. Columns 
1 and 2 contain respectively the lowest and highest, and columns 3 
to 13 the mean results. Columns a to m, contain figures denoting the 
relative positions of the various specimens under these separate heads. 
The various lots follow in the order of their ascertained quality, and 
the diversified results are linearly presented in Plates VI. to X. 

VIII. Breaking Weight and Contraction op Area. — Iron. 

29 Before proceeding with our remarks under this section, reference 
will be made to previous experiments on the tensile strength of 
wrought-iron, as referred to by various authors who have written on 
the Strength of Materials, <&c. 

30. Professor Robison, in the Enc^dopasdia Britannica, gives the 
results of Muschenbroeck*s experiments on the breaking strength, per 
square inch, of various woods and metals, — "Iron bars, ordinary, 
68,000; Stirian, 75,000; Best Swedish and Russian, 84,000; Horse- 
nails, 71,000. The last waa an experiment to examine the vulgar 
notion that iron forged from old horse-nails was stronger than all 
others, and shows its felsity." The size of specimens was only ^th 
of a square inch, and the results were published, according to Tred- 
gold, in 1762. 

31. Mr. Appleton, in his Dictionary of Mechanica and Engineering 
refers to some other experiments by Muschenbroeck, — German bar, 
93,069, 85,900, 69,530, 69,133 61,361; Swedish, 88,972, 68,728; 
IJege, 82,839, 62,369; Spanish, 81,901; Oosement, 76,697, 68,728. 
Mean of 33 experiments on bars, by Perronnet, 61,041. Bar of the best 
quality, 66,000; bar of good quality, 55,000, by Rumford. Swedish 
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bar^ reduced per hammer^ 72,064; and English bar, reduced per 
hammer, 55,872, as ascertained by Bennie. Mr. Appleton observes, — 
'^ The absolute cohesion of malleable iron may be taken for square bars 
of different sizes as under; the resistance per square inch being pro- 
portioned to the breaking weight of the respective sizes. In bars 
J inch square, resistance per square inch = 90,000 lbs.; ^ inch, 70,000 ; 
1 inch and over, 56,000." 

32. The Engineer and Mctchini^'s Assietcml, on the authority of 
LamI, states, English hoi's at 25^ tons; Russian, 27 tons; Russian 
wire, l-20th to l-30th inch diameter, 60 to 91 tons; Swedish bars, 
per Rondelet, at 32 tona 

33. Mr. Tredgold remarks, — "The experiments on the absolute 
resistance of malleable iron to tension are very numerous ; in many 
experiments it has been found above 80,000 lbs per square inch, and 
in very few under 50,000 lbs., indeed in none, where the iron is not 
defective." 

34. Professor Barlow in his Essay gives the following nine experi- 
ments by Telford in 1814, at Brunton*s works, expressed in tons 
and cwts. .-—Welsh bars, 29*16, 29''5, 29''0; Staffordshire, 3ri6, 3r0, 
27''10, 27"3; Fagotted, 29''0; Swedish, 29''0; mean of the nine, 29"5|. 
Eight experiments by Captain S. Brown in 1817, — ^Welsh bar, 26*34, 
26-33, 24-90, 24-35; Russian, 26-55; Swedish, 2377, 23-75, 23-19; 
mean, 24-90. Then follows eight experiments by himself, — Solly's 
patent iron, 29^, 26^, 26^, 25| ; mean, 27 tons ; iron of good medium 
quality, 26, 25^, 25^, 24 ; mean, 25^ tons. Twenty-six experiments by 
Sir Mark L Brunei on Yorkshire iron reduced by hammer to | and ^ 
inch,—" best best" quality, mean of 10— 32 -3, varied fix)m 36-4 to 29 -6; 
"best" quality, mean of 10—30-4, varied fix)m 34-6 to 250; another 
six of " best" quality, 30-8 from 32-75 to 27-0. Mr. Barlow remarks, 
— "The mean strength of these bars considerably exceeds that drawn 
from the preceding articles^ a circumstance which may, it is presumed, 
be explained from the circumstance of their having been reduced per 
hammer." And lastly, ten experiments by Telford on iron wire give 
(Noa 3 and 4, diameter ^) 42-9; (2, }), 42-0; (5 and 6, ^), 381; 
(1^> A)> 36-1; (7, 8, 9, ^), 35-8; (1, ^), 35-7; mean, 38-4 tons per 
square inch. Mr. Barlow adds, — "Considerable discrepance will be 
observed between the strength of the wire in experiments 3, 4, and 10, 
which are of the same diameter. Perhaps a mean strength of 36 tons 
of a wire of less than, or not exceeding -^th inch diameter, is all that 
can be depended upon." 

35. Dr. Fairbaim, in his Uaejid In/ormaHon/or Engineers, and in his 
other writings, gives the results of his experiments, made in 1838, on 
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twenty pieces of plate; the strength appears by the following Table to 
be generally in fi&vour of those torn asunder across the fibre^ the mean 
of the whole being stated <<as 22-5 : 230, equal to about ^." 



QoalttyofFlatM. 


Mean Braakiiig Weight 

in tbe direction or the 

tout, in torn per aqaaan 

mch. 


Mean Breaking Weight 

acroM the fibre, in tooa 

peraqnaretaiGh. 


ToiUhifepUtas, . . 
Torkihife plates, . 

StaflbnbhirepUtes,. 


26-770 
22-760 
21-680 . 
22-826 
19-668 


27-490 
26-087 
18-660 
22-000 
21-010 


MetD, . . . 


22-619 


28-087 



36. The same author, in his treatise on Iran, published 1861, makes 
no reference to the present series of experiments, although copies were 
sent to him of that portion which appeared December, 1859, in the 
TrofuaeHans of the InstitvUon qfEngmeera in Scotland, but gives, in 
addition to the above table, the following tabulated *' summary of the 
more recent experiments which I have made on the subject of the 
tensOe strength of wrought-iron.'* It will be observed fix)m this new 
table that the strength, with one exception, is in favour of those torn 
in the direction of the fibre, and not across, as in the former table. 



Deeerlptlon of tmn. 


ill tdni per tqattrtt Ipqh. 


nttmtte 
EloiieatioiL 




With Fibre. 1 


AmnFJlKn. 




Lowmoor inm (ip. grar, 7*6885), 


28-661 


23-433 


**« 


LancaihifQ boUttr pUtes (B speclmfloa), . 


21-815 


20-096 


^«sdA 


StaffonSrfiirH iron, , , . » , 


>ri 


i«# 


••" 


(Two i-inch pUt» riveted togethm-) , 


2M 


167 




Chizcxu] bju- iroDf . , , , . 


SS^OS 


14« 


i 


Beat best Staffordahire duuooaJ pUto CMeaoT 
of 4 experimejita), ♦ * . . *f 


so-osc 


ia-492 


iV«>dA 


Best best Staffordshire pUla (Mem of 41 


22-297 


1 20-745 


A«rf* 


B«t beat SumTtdAhlre pjAt«^ 


26-706 


24*474 


^udvv 


Bnt StiilbrdAhIra, , . , , , 


27*367 


24 027 


iV«>d^ 


Ccnnmoo SUffordshln^ ^ , « . 


22688 


2a"582 


A">dV^ 


LowmDor rivet iron (Mesn of 2 exp«iiffl€QU>, 


26*801 


*4* 




Slflffardflhire rivet iron, 


26563 




6tAf!brdi!hiTiD rivet iron^ , . , * 


26G46 


*n* 


1> 


, B«r of tlie Euune pollod cold, 


£7-966 




tV 


Staffonkbira bridge iron 


21*249 


l&-8t5 


A^A 


Tofkahiro bridge troa, . , . . 


22^290 


19-616 


A-odA 



37. Mr. Thomas Lloyd performed a series of experiments at 
Woolwich Dockyard, recorded by Dr. Fairbaim, to ascertain the effects 
of a tensile strain upon bars all of the same kind and size, namely, 
Staffordflhire 8 C M, If inch diameter, but under various condi- 
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tions. These will be again more particularly referred to under 
"elongation," Section XII. The medium breaking strains will, 
however, be given here. Effects of repeated breakage, — mean of Ist 
(10 trials), 23-94; 2d (10), 25-86; 3d (7), 27-06; 4th (6), 29-20. Dr. 
Fairbaim remarks, — "The results of the above experiments are 
highly interesting, as they not only confirm those previously made, 
but they indicate a progressive increase of strength, notwithstanding 
the reduced sectional area of the bars. These interesting facts are of 
considerable value, as they show that a severe tensile sti-ain is not 
injurious to the bearing powers of wrought-ii-on, even when repeated 
to the extent of four times. In practice it may not be prudent to 
test bars and chains to their utmost limit of resistance ; it is, however, 
satisfactory to know that in cases of emergency those limits may be 
approached, without incurring serious risk of injury to the tdtimate 
strength of the material." In order to ascertain whether a shorter bar 
of iron was stronger than a longer one of the same kind and size, viz.. 
If inch, the following were tested : — 6 pieces, 120 inches, broke with 
32-21 tons; 6 pieces, 42 inches, 32-12; 6, 36 inches, 32-35; 6, 24 
inches, 32-00; 6, 10 inches, 32-29. "As these experiments were 
made upon the same description of iron, it may be fairly inferred 
that the length of a bar does not in any way affect its strength." 

38. Mr. Edwin Clark's magnificent work on the Britannia and 
Conway Tubular Bridges, contains the following table and remarks : — 



Na 


Description of Plate. 


Breaking 
Weight per 
square inch. 


Ultimate Ex- 
tension In 
parte of tbe 
Length. 


1 

2 
3 

4 

6 

6 

7 

8 
9 

10 
11 
12 


Plate Hth inch thick, neck 1^ inch long.^ 
Selected as bad iron, fracture bright and l 
crystalline, brittle, broke readily with a blow ^ 
from a hammer, J 

From the same plate, 

Plate i inch, neck 6 inches. Selected as bad^ 
iron, containing two laminn of crystalline > 
metal, one-third of the whole section, . J 

Plate \ inch, neck 6 inches. Selected as a goodi 
plate, about ^th of the section crystalline, . \ 

Plate \ hich, neck 4 inches. Iron perfectly 
uniform and fibrous, supported the weight) 
15 minutes, \ 

Plate \^ih inch thick, neck 5 inches. Iron^ 
good, ^th of the section crystallhie, . . f 

Plate 4 inch, neck 5 inches. Iron fibrous except \ 
^1^ of the section, j 

Plate A inch, neck 50 inches, .... 

Plate hich, neck 50 taches, . . 

Plate tech, neck 7 inches, .... 

PUte 4 inch, neck 7 inches, .... 

Plate 4 inch, neck 50 biches, . 


22 

21 
18 

19 

21 
19 

18 

19-6 
19-3 
19-6 
20-2 
18-7 
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39. ^^ From the mean of the above experiments the ultimate tensile 
strength of boiler-plate appears to be 19*6 tons; and it is worthy of 
remark that the ultimate strength is remarkably constant, although 
the iron comes ttora different makers from Staffordshire, Derbyshire, 
and Shropshire. The ultimate extension, on the contrary, is extremely 
]rr^;ular; indeed, some of the brittle, crystalline irons, selected as 
bad, which fractured suddenly without much increase of length, 
actually supported more weight than the more fibrous and ductile iron. 

40. " In all these cases the iron was drawn in the direction of the 
fibre. In order to test whether the strength is influenced from this cause, 
two plates were selected, and from each plate two specimens were 
cut out, of similar form to those used in the experiments above. One 
specimen in each pair was cut out in the direction of the fibre, and 
the other across the fibre; in other respects they were precisely 
similar in form and dimensions. The following were the results : — 

'* Ultimate streogth when drmwn in the ) Tons. Toaa. 

dfawtbn of the fibre, . . .( Exper. 1, 19-66. Exper. 2, 20-2. 

Ultimate streDgth when broken acroes ) _ 

41^ fibre, { Exper. 1, 16-98. Exper. 2, 16 7. 

41. " The ultimate extension was also twice as great when the plate 
was broken in the direction of the fibre. 

42. "The ultimate strength of wrought-iron, derived from experi- 
ments on 1-inch bars, has been usually taken at 25 tons per square inch. 
This conclusion is evidently erroneous as r^ards boiler-plate ; indeed, 
this strength was not obtained from any iron used at the works. 

43. " The best scrap rivet-iron, made by Messrs. Mare at their London 
works, the quality of the iron being unusually good, and the fracture 
beautifully fibrous, broke on an average with 24 tons per square inch, 
or 18*84 tons per circular inch. The length of the round rods 
experimented upon was 60 inches, the diameter |ths of an inch, and 
the mean ultimate extension (which was uniform) was |th of the 
length. The rods diminished very visibly in diameter before they 
were fractured, and drew into a conical neck at the point of failure." 

44. Dr. Fairbaim's works also contain the results of his experi- 
ments on the "Influence of Temperature,'* ranging from zero to a 
dull red heat, on 16 pieces of Staffordshire boiler-plate and 14 pieces 
of scrap rivet-iron. 

45. Mr. Clay, quoting experiments by the American Board of Ord- 
nance, states that Russian iron broke with 62,644 lbs. ; English rolled 
iron, 56,532; Lowmoor rolled, 56,103; American hammered, 53,913. 

46. Mr. D. K. Clark, in his Recent Practice (1860), — a continuation 
of his truly excellent work on Railtoay Machinery , refers to five experi- 
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ments on StafEbrdshire plates by Mr. Branel^ which averaged 20*6 ; 
StafEbrdshiie plates recently tested at Woolwich Dockyard, at 20 tons. 
" The best American boiler-plate for locomotiyes is stated by Mr. Zerah 
Colbum to have a tensile strength of 70,000 Iba, or above 31 tons per 
square inch of section ; and that of the ordinary plate for locomotives 
is said to be 60,000 lbs., or 27 tons per square inch. . . . Upon 
the whole, English boiler-plates are of two classes — Yorkshire, and 
the mann&eture of other districts, classed together as ^ Staffordshire.' 
The ultimate tensile strength of boiler-plates for locomotives average 
as follows: — Best Yorkshire per square inch, 25 tons; best Stafford- 
shire, 20 ; best American, 31 ; ordinary American, 27 tons. When 
we say 'best,' we mean best; that is to say, good in the superlative 
degree; not employing the phraseology of the manufJEicturers, who 
would call a superlatively good plate, ' best best best' " Mr. Clark, 
referring to the publication of the first portion of the present series, 
says, — " The restdts, of which the following summary is an abstract, 
are both interesting and important; they represent the subject in a 
novel point of view, and form a record of the most recent attainments of 
the manu&cturers of steel and iron in producing materials qualified to 
bear the strain and fatigue incidental to modem works of construction." 

47. ^'Mr. S. Hughes, in an interesting paper ''On Beams, Girders, 
&a," published in The Artizan^ February, 1858, remarks, — "There is 
pi-obably no branch of experimental inquiry in which more varying and 
discordant restdts have been attained than in that which seeks to 
determine the absolute strength of wrought-iron subjected to a tensile 
strain, or to the action of a weight applied to tear it asunder. 

48 " Writers on the strength of materials in the last century seldom 
assigned to bar iron a less tensile strength than 30 tons per square 
inch as the weight which would tear asunder a bar of ordinary 
wrought-iron 1 inch square. Thus, Emerson gives the tensile 
strength of bar iron at 34 tons; Telford, 29-29; Drewry, 27 tons; 
while at the present day Templeton gives 25 tons; Beardmore, 26*8; 
Brown, 25 tons; and Eaton Hodgkinson, probably from more careful 
experiments than any other, 23-817. 

49. "The iron manufacture of this country has attained an 
enormous development, which, unfortunately, has not been accom- 
panied by a corresponding increase of quality. On the contrary, all 
the earlier experimenters on iron found a greater strength than is 
now possessed even by the best qualities. It is foreign to the purpose 
of this article to trace the causes of this falling off and deterioration 
of a national manufacture; otherwise it would be very easy to show a 
case of serious national importance, which is perhaps more worthy of 
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the attention of our l^slators than those to which their labours are 
commonly applied. Whatever be the causes — whether the spirit of 
speculation, the race of competition between the great iron manufac- 
turers to produce their iron at the cheapest rate, or the introduction 
of new and cunning chemical secrets to enable them to work up 
inferior iron— certain it is that our manufacture of wrought-iron has 
been seriously deteriorating during the last half-century, and unless 
some improvement shortly takes place, we shall, before long, acquire a 
reputation for manufacturing only inferior iron." 

50. These various extracts contain all the pre^dous existing ex- 
periments the writer has met with in reference to this matter,* and he 
thinks that it cannot for a moment be denied that the subject, fix>m 
its importance, was worthy of a more extended experimental inquiry 
than it had hitherto received. All must admit the truth of Mr. 
Hughes' remark regarding those varying and discordant results ; but 
the writer does not think that there is any satisfactory evidence in the 
experiments adduced, to show that the iron now produced is inferior 
to that made during the last century. The difference, it is believed, 
was rather due to the experiments having been i)erformed by so 
many, whilst the pieces tested by each were so few — to the different 
kinds of apparatus employed — ^to the restdts having been more care- 
fully recorded by some than by others — to the extreme meagreness of 
the details, and to the complete want, with a few exceptions, of the 
makers' names or brands — which rendered futile any attempt at com- 
parison. The various means employed of tearing the pieces asunder 
were — applying weights directly to the specimens, — single lever and 
weights,— compound lever and weight8,^-compound lever and weights ; 
combined with an hydraulic press, — hydraulic press alone, with either 
a loaded valve or a gauge to indicate the amount of pressure. In 
reference to the last machine, Di\ Eankine writes, "From experiments 
made by Messrs. More of Glasgow and by the author, it appears that 
in experiments on the tension and compression of bars, about one- 
i&nJth Hhould be deducted fi*om the pressure in the hydraulic press for 
the friction of the press plunger." 

51. In all former experiments the ultimate strength or breaking 
weight per square inch of the specimen's original area alone is given, 
and the various pieces are rated accordingly, the one that stands highest 
being considered the best. 

* Since the fint edition of this woric was published, the writer^s attentioa has been 
directed to the results of some interesting experiments bj Robert Mallet, Esq., C.E., 
contained in the Proomdmg$ of the Inttiiuium of CUril Engmeertfor 1859. 
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52. It seems most remarkable that an element of the highest 



\ importance should have been so long overlooked, namely, the Contrac- 
,' Hon of the specimen's area when subjected to considerable strain, and 
* the still greater contraction, at the point of rupture, which takes place 
in a greater or lesser degree as the material is soft or hard, and the 
consequent influence this reduction must have on the amount of weight 
sustained by the specimen before breaking. The apparent mystery 
' of a very inferior description of iron sus})ending, under a steady 
load, fully a third more than a very sui)eiior kind, vanishes at once 
^ when we find that the former had the benefit of retaining to the last 
I its original area only slightly deci*eased ; whilst the latter on breaking 
was reduced to very nearly a fourth of its original area — the one a 
hard and brittle iron, liable to snap suddenly under a jerk or blow, 
the other very soft and tough, impossible to bi'eak otherwise than by 
tearing slowly asunder. When engaged calciUating and compiling the 
tables, this was considered not only an interesting circumstance, but 
one which required to be distinctly set forth in any statement made 
on the subject. Both the original and fi-actured areas are conse- 
quently stated in the tables, with the amount of reduction in the lat- 
ter, and the per centage which that reduction bears to the whole of the 
original area. In the illustrative plates the original size is indicated 
by dotted lines, and the reduced size at fracture by full lines. A few 
examples will now be given by way of illustration, and in support of 
these remarks, firatlt/y from " Table B — Iron Bars," and aecondli/, 
from " Table D— Iron Plates." 



IRON BARS. 



Swedish R.F. (Charcoal), 
Stoffordshire G^ do. 
Yorkshire, " Lowmoor/' 
Staffordshire B.B. Scrap, 

Do. S. C. M 
Scotch Extra Best Best, 

Do. Best Best, , 

Da Common, 

Do. Common, 

• Russian, C.C.^D.,... 



Index 
Kiunber. 



270 
133 
106 
138 
148 
169 
185 
203 
201 
277 



Original 



▲re*. 



8q. In* 

•6650 
•7864 
•7854 
•7854 
•6220 
•8171 
•8012 
•8498 
•8498 
•7088 



Sq.lD. 

•19G3 
•3019 
•3632 
•8739 
•3318 
•4779 
•5441 
•6082 
•7238 
•6263 



IMfference between 

Original and 
Fractured Area. 



8q. Tn. 
•4687 
•4835 
•4222 
•4115 
•2902 
•8392 
•2571 
•2416 
•1260 
•0726 



Per Cent. 
70^5 

61-6 
63-7 
52-4 
46-6 
41^5 
321 
28^4 
14^8 
10-2 



Breaking Weight 
per Square Inch of 



Original Praetared 
Area. 



Llw. 
47,534 

68,036 
66,166 
69,670 
61,203 
69,726 

I 66,363 
69,272 

! 60,722 
66,447 



Lba. 

160,520 

150,984 

140,920 

126,130 

114,846 

102,118 

97,721 

82,818 

71,293 

63,883 



* Note.— This Iron, althongb possessing only a low dei^ree of tenacity, from its extreme hardness and 
ancertaintjr, is very suitable for being concerted into Steel, ;he parpose for which It la used. 
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IRON PLATES. 
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An«> 


Ar*^ 
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Oiis^nml Fraetund 














a™.. 


AfU. 








>4-1n. 


H m 


M !■* 


P*r(Jflht 


U*, 


LI* 




Torkfthii^.,,,,. , r 

Dow .„,-» I 


4a9 


1125 


7U 


'411 


36-5 


58,686 92,468 




401 


0624 


■477 


142 


235 


57,88 1 j 75,720 




StaSordahiTe, a 3.C. ^ 


45a 


0S60 


■751 


-20S 


21-5 


58,634' 74,528 




Do. Bradley, J 
3colcb B«^t Boiler,... ^ 


471 


0-995 


; -851 


'154 


15-7 


60,697| 70,968 




505 


0750 


-655 


-005 


127 


55,176 63,180 




StAlfbnbhiiB Bfsst Beai J 
Scotch Ship, [ 


47S 


1-016 


-932 


-093 


91 


48.853 53,781 




518 


0^055 


911 


-044 


4-6 


47,730 60,035 




D<K Coinmoit, ,..,.^ ^ 


542 


0-748 


-706 


'043 


5-6 


43,831 46,489 




Tarbltln^ *„ f- 

Do. ...„„ 1 

Stsfllbnishire ^ S.C„„ t 


442 


Mas 


-S&7 


'228 


20-3 


56,546 70,919 




406 


0-d24 


*S2g 


'i02 


16-3 


55,368 66,188 




456 


o-geo 


ms 


'097 


101 


55^414 61,643 




Bo, Bndl^p # 


474 


i-oio 


'937 


"082 


80 


51,025 55,490 


^ 


SoDUth B«Bt Boilor,.... i 


512 


0-750 


*702 


'048 


1 64 


48,000 51,201 




Suffordalure Beat Bwt ^ 

Scotch Ship, ...» } 

Do. Commoi^ „,... ^ 


487 


1-O06 


'950 


-055 


5-4 


46,943 49,658 




525 


1-004 


1-037 


■027 


25 


44,3Se' 45,5^1 




546 


0-748 


0737 


'Oil 


1-6 


42,783 43,4S0 



53. Although it is very important to ascertain and compare the break- 
ing strains of various kinds of iron, it must at the same time be evident 
from these examples that that test alone does not afford the means of 
correctly estimating their respective merits^ yet, strange to say, it has 
hitherto been so considered. One instance out of many may here l>e 
referred to, which occurred at the official inquiry by the Board of Trade 
into the melancholy loss of the " Royal Charter." Five of the plates 
recovered from the vrreck were tested, and pronounced to be good 
solely because their mean breaking strain was 20*55 tons (46,032 lbs.) 
per square inch, instead of 19*56 tons (43,814 lbs.), Mr. Fairbaim's 
average for Staffordshire plates. As the writer had no means of 
judging, he expresses no opinion on that particular case, but he does 
not consider that statement any proof whatever that the quality was 
good, or suitable for the purpose, as the plates might, at the same time, 
be so extremely hard and brittle as not to bend and twist, but snap at 
once without a moment's warning. 

54. When, however, we compare the breaking strain joinUy with the ] 

contraction of the area at fracture, the case is vastly different, as we 

then have an opportunity of deciding correctly whether, on the one 

hand, a high breaking strain was owing to the iron being of superior 

quality, dense, fine, and moderately soft, or simply because it was very 

hard and unyielding; on the other hand, a low breaking strain might 

be due to looseness in the texture, or to extreme softness, although 

very close and fine in quality. On consulting the tables it will be 

c 
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found that in the hard and inferior varieties the amount of breakiDg 
strain varied considerably more than in the softer and superior 
kinds. The uncertainty of the former is strikingly exemplified in 
St Rollox best rivet (No. 243, Table B), which bore 68,848 lbs., the 
highest strain, whilst another in the same lot broke with 47,248 lbs., 
nearly the lowest. This low strain was not due to contractiou 
of area, for it only decreased 6'5 per cent, — very different finom 
another specimen (No. 257), TJlverston best rivet, which broke at 
nearly the same strain, viz., 48,870, but which coutracted 65'5 per 
cent In the summary of results, Tables G, J, and K, the various 
lots follow each other as nearly as may be in the order of their 
ascertained quality. On referring to Table G* the first on the list 
under "rolled bars" is Bradley's (^ — breaking weight, 57,216 lbs.; 
and opposite this, in column c, is 27, which signifies that twenty- 
six of the other lots precede it as regards the amount sustained before 
breaking: it, however, contracted 60*9 per cent, whereas Gpvan -jf, 
or common (No. 130), bore almost the highest strain, viz., 63,956, 
but which only contracted 27*7, standing, in that respect, the thirtieth 
in the scale. The first on the list in Table J — Iron Plates, and also 
in Table K — Angle-iron, is Famley, which, at the same time, resisted 
most and contracted most. 

65, As it is important to distinguish between rolled iron and 
hammered iron, the succeeding remarks will be arranged under these 
heads respectively. 

Rolled Iron, 

56, For sake of comparison there are introduced into Table B 
the results of the testing of some pieces of puddled-iron rolled— or 
wrought-iron in its lowest grade — the breaking strain of which varied 
extremely from 55,323 to 20,521, contraction from 4*3 to 0. 

57. In order to ascertain if the quality of the iron improved as 
the diameter of the bar became less, various sizes, within the limits of 
the testing apparatus, were taken, and we will now see the results from 
Table B. The difference was found to be greater in the inferior than 
in the superior makes; thus Gk)van ■^•(lowest), 1 J inch, broke with 58,320 
lbs., contracted 25*3, rose in the | inch bars to 61,887 — 35*1 ; Govan<^> 
(highest), 1^ inch, 57,598 — 49*8, only rose in | inch bars to 58,199 — 
50-1 ; Glasgow B. Best (medium), 1^ inch, 54,579— 35-8 ; | inch, 59,300 
— 40-4; Dimdyvan, 1^ inch, 51,327— 51; 1 inch, 53,352—8-5; Low- 
moor, 1 iiyjh, 61,798—53-1; j^inch, 60,075—52-2. Of course these 
results were from different bars. It was considered, however, desirable 
to know the effects strictly due to additional rolling, and accordingly 
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four pieces were cut off one ba/r, and after reheating were reduced in 
the roUing-miU from 1^ to 1|, 1> !> ^ inch, the breaking strains of 
which were 56,869, 57,379, 58,190, 59,708. The contraction of area 
varied only slightly, viz., 49-78, 49-19, 49-98,49-29 per cent, see Table N. 

58. The generally received opinion, that by removing the " skin" the | 
relative strength was greatly reduced, or that a rough bar was much 
stronger than one ttirned to the same diameter, is proved to be 
erroneous by the following examples from Tables B and G. Dundy- 
van, rough, broke with 51,327, turned 55,995; Bagnall m J.B., 
55,000, turned 55,381 ; Glasgow B. Best, 54,579—55,533 ; Govan o, 
57,598—57,288; Bowling, 62,404—61,477. In the last instance the 
rough bars bore rather more than the turned, but the difference is 
accounted for by the former being harder than the latter, as shown by 
the contraction of their respective areas, viz., 45-3 and 48*8; it wiU 
also be observed that they were from different, instead of fi-om the 
same bars, as in the subsequent trials with the other brands. These 
experiments show further that the exterior portion is somewhat harder 
than the interior, as the turned pieces contracted more than the 
rough ; they also draw out more in the direction of the length, as 
will be noticed under *' elongation,'* and still further confirmation is 
afforded by the difference in appearance of the fractures. 

59. Let us now see if reducing the bars by forging affects the 
comparative strength, &c. Dundyvan, 51,327, forged, 54,247; Glas- 
gow B. Best, 54,579—56,112; Govan o, 57,598—57,095; Lowmoor, 
61,798 — 66,392. The iron was generally rendered somewhat harder 
by the forging, as indicated by their areas contracting less than for- 
merly; thus (in the same order) 51— 10-8; 35-8— 3M; 49-8—49-2; 
53-1 — 42-3. The difference in the last set was greater, owing to the 
bolts not having been re-heated after forging, as was the case in after 
trials, in order to remove any effects that might be due to " hammer 
hardening," as will be more particularly mentioned under "treatment," 
Section XIII. 

60. We next proceed to compare the contents of these summary 
Tables as regards the breaking strain and contraction of area, 
respectively, of Bars, Angle-iron, and Plates; and in order to do so 
conveniently, they are presented in a more condensed form in the 
following Table. Still further to facilitate comparison, the contents 
are arranged in three separate groups, viz., 1«^. The vai-ious qualities 
of iron manufactured in the same district. 2d, The qualities produced 
in different districts. 3d, The gross mean averages under the ^ve 
qualities as branded. Of course, the "turned" and "foi-ged" speci- 
mens are excluded from this Table. 
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DISTEICr. 


brand qualitt. 


BARS 

round and square. 




DI8IBICT8 OBOTTPED. 


No. 


lbs. 


lucent 


a 


YORKSHIRS. 


LowMOOB, Farnlbt,Bowlimo. 


20 


61,648 


49-8 


b 
c 
d 

e 


Lanarkbhirb. 
Do. 
Do. 
Do. 


O GrOYAN O 

Extra B. Best, Best Scrap. 

Best Best, B. Best, B. Rivet 

Best, 4: 


12 
80 
61 
24 


68,181 
57,411 
58,737 
58,265 


49-4 
39-9 
36-0 
22-6 


f 

f 
i 


Staffordshire 
Do. 
Do. 
Do. 


Charcoal (5 

B. B. Scrap. 

ttSC,tt Best, Best Best. 

tt,Be8t,EBtf. 


4 

4 

21 

4 


57,216 
69,370 
58,698 
55,000 


60-9 
52-0 
39-5 
27 


i 

1 

m 
n 


Lancashtre. 
Shropbqirb. 

Durham. 

Durham. 
South Wales. 


Best Rivet 
m Best 
Best Best 


8 

... 


58,775 


48-6 
• .... 








BRAHDS OBOUPED. 













Staffordshire 


Charcoal® 


4 


57,216 


60-9 


P 

q 

r 

B 


Staffordshire 
Yorkshire. 

Lanarkshire. 
Lancashire. 


B. B. Scrap. 

LowMooB, Farnlby, Bowliso. 

Govan 

Best Rivet 


4 
20 
12 

8 


69,370 
61,648 
58,181 
53,775 


52 
49-8 
49-4 
48-6 


t 


Lanarkshire. 


Extra B. Best, Best Scrap. 


30 


67,411 


39-9 


U 

V 

w 

X 


Staffordshire 
Shropsuiue. 

Durham. 
Lanarkshire. 


ttS C SS Best,Be8tBest 
m Best 
Best Best 
Best Best, Best Rivet 


21 

... 
61 


58,698 


39-5 
360 




58,737 


y 

z 

t 

X 


Staffordshire 
Lanarkshire. 

Durham. 
South Wales. 


tt, Best,EBH. 
Best, « 


4 
24 


55,000 
58,265 


27-0 
22-6 




SUIIMABT. 










Charcoal G> 


4 


57,216 


60-9 




LowMOOR, B. B. Scrap, o o. 


44 


58,244 


50-0 


Total 
MeanAyerages, 


Extra B. Best 
Best Best. 


30 
82 


57,411 
58,282 


39-9 
38-5 




[ Best. 


28 

_ 


56,638 


24-8 










188 
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ANQIiS-IBON 
BEAM AND STRAP. 


JTLL 
LEKGTHWATa 


.TBS 

CROSSWATa 


No. 

4 

••• 
6 

24 
3 

••• 

12 

9 

••• 
6 
4 
4 


lbs. 
61,260 

66V694 
54,980 
45,489 


f cent 
41-4 

201 

16-8 

9-2 

•••■• 

18-2 
177 

••••• 

117 
9-8 


No, 

21 

6 

4 

88 

18 

80 

8 

••• 

5 

87 

••• 


Ibfl. 

54,980 

54,644 
50,844 
49,077 
46,438 


fcent. 

20-9 

18-1 

13-0 

8-2 

6-9 

• •••• 

12ii 
9-4 

••••• 
15-0 
12-9 

• •••• 


No. 

24 

6 

• •• 

84 

18 

29 
8 

••• 

6 

88 

• •• 


Ibfl. 
50,540 
49,899 

'48,859 
41,527 


Voent 

12-8 

8-5 
••••• 
4-4 
87 

• •••• 

7-8 
6-6 

• •••• 

6-8 

7-4 

128 

8-5 

7-8 
5-3 
7-4 
4-4 

6-6 
87 
••••• 
••••• 




52Vi68 
45,686 

52,362 
51,308 
••••••••• 


48,840 
44,748 

43,086 
46,381 


54,558 
51,227 


••••••••a 

53,548 
50,807 
41,886 






••• 

••• 

4 

••• 

••• 

6 

12 

••• 

6 

24 

9 
8 

4 
4 




••••• 
41-4 
••••• 

20-1 
18-2 

183 
16-8 

177 
9-2 

117 
9-8 


•■• 

21 
6 

4 

80 

5 

87 

88 

8 
18 

••• 




••••• 

• •••• 
20-9 
181 

18-0 

12-9 

15-0 

12-9 

8-2 

9-4 
6-9 

••••• 


• •• 

24 

6 

••• 

29 

5 

88 

84 

8 
18 

••• 




6V,266 


••••••••• 

54,980 
54,644 
••••••••• 

50,844 

52,168 
52,362 
51,308 
49,077 

45,686 
46,438 




50,540 
49,899 




56,094 
54,558 

53,548 
54,980 

51,227 
45,489 
50,807 
41,886 




48,840 
43,036 
46,381 
43,359 

44,748 
41,527 










••• 

4 

6 

42 

20 




41-4 
201 
17-8 
121 


••• 

27 

4 

110 

26 




19-5 

13-0 

12-3 

8-1 


80 

104 
26 




••■■• 
107 

• !••• 

6-2 
61 


61,260 
56,094 
54,845 
47,215 


54,812 
50,844 
51,229 
46,062 


49,970 


45,404 
43,188 


72 


167 


160 

=— 
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61. A glance at thia Table will show that the mean breaking strain in 
these collected lots varies in the Bar specimens from 61,648 to 53,775, 
difference 7,873, or 12-8 per cent. less. Angle-iron, 61,260 to 41,386, 
difference 19,874, or 32*4 per cent. Plates, lengthways, 54,980 to 
45,686, difference 9,944, or 17*0 per cent ; crossways, 50,540 to 41,527, 
difference 9,013, or 17*2 per cent The breaking strain of the plates 
was highest in those cut lengthways, or in the direction in which 
they were rolled, as was to be expected — the greatest difference, 
9,326, or 21*7 per cent ; least difference, 0,938, or 2*1 per cent, the 
mean difference on the whole being 4,530, or 9*8 per cent, in favour 
of those cut lengthwUys. The amount of mean contraction varies in 
the Bar specimens from 60-9 to 22*6; Angle-iron 41*4 to 9*2; Plates, 
lengthways, 20*9 to 6*9; crossways, 12'8 to 3-7. 

Hammered Iron, 

62. The preceding remarks under this section refer to rolled, and we 
now turn our attention to hammered iron, firstly, in large forged masses, 
and secondly, in bars. Table B contains specimens cut out of two 
diffei*ent crank-shafbs of scrap-iron of the same size, for marine screw 
engines of 300 nominal horse-power, the exact position of the pieces 
being represented in the wood-cuts inserted in the Table. The differ- 
ence in the breaking strain between the outside piece and that 
nearest the centre was in the one shaft 3,221 lbs., or 6*5 per cent ; in 
the other 1,141, or 2*6 per cent Mean breaking strain and contrac- 
tion of the six pieces cut out lengthways was 47,582 — 20*7 in the one, 
43,759 — 23*1 in the other; cut crossways, 44,578 — 12-5 in the one, 
38,487 — 8 '5 in the other; difference in favour of those cut length- 
ways was in the two shafts respectively 3,004 and 5,272 lbs., or 6*7 
and 13*7 per cent The table also contains pieces cut crossways off 
one end of two armour-plates for H. M. "Black Prince," the mean 
breaking strains of which were 38,868 and 36,824, conti-action 12*8 
and 5 '9 per cent All these pieces were reduced to the required shape 
in the lathe, and not on the anvil, but some pieces were forged down, 
to ascertain the difference; these will be referred to in Section XIII. 

63. Mr. Clay, of the Mersey Iron and Steel Works, the highest 
authority on the subject of forging large masses, states, — "Scrap-iron 
is that most generally used; but, &r from agreeing with the generally 
received opinion that it is the best, we know that it is the very worst 
description of iron for the purpose; and, for more reasons than one — 
Let us first endeavour to see how this almost universal belief in the 
superiority of scrap-iron has arisen. At the time when small forgings 
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were first attempted to be made as an article of commerce, the manu- 
facture of English iron was in such an imperfect state, and the quality 
so indifferent, that large quantities of the best iron had to be imported 
from Sweden and Russia, and for a long time the scrap-iron toaa of a 
quality that could not be approached by English iron of the period. 
Since that time the use of Russian and Swedish iron has been almost 
entirely discontinued, except for the manu&cture of steel ; the greater 
part of the scrap-iron now produced, therefore, is of a very different 
quality to that formerly known as best scrap-iron. 

64. '' In the ordinary manufacture of bar-iron, it is the practice in 
most works, in order to obtain it of the toughest and best description, 
to work and re- work it several times over. The number of workings 
that iron undergoes is marked by the number of ^ best' stamps that it 
bears, as ^ best,' ' best best,' ' treble best,' &c But this progressive 
improvement has its limits, as will be perceived from a series of ex- 
periments which were instituted by the writer with the object of 
testing the correctness and limits of this improvement. Taking a 
quantity of ordinary fibrous puddle-iron, and reserving samples marked 
No. 1, we piled SL portion 5 feet high, heated and rolled the remainder 
into two bars marked No. 2. Again reserving two samples from the 
centres of these bars, the remainder were piled as before, and so con- 
tinued until a portion of the iron had undergone twelve workings. 
The following table shows the tensile strain which each number bore : 
— Na 1, puddled bar, 43,904 lbs. ; No. 2, re-heated, 52,864; 3, 59,585; 
4, 59,5S5; 5, 57,344; 6, 61,824; 7, 59,585; 8, 57,344; 9, 57,344; 10, 
54,104; 11, 51,968; 12, 43,904 It will thus be seen that the quality 
of the iron regularly increased up to No. 6 (the slight difference of 
Na 5 may perhaps be attributed to the sample being slightly defec- 
tive), and that from No. 6 the descent was in a similar ratio to the 
previous increasa" 

65. The results of some experiments on pieces cut out of the " mon- 
ster gun," the dimensions of which were, — length, 15 feet 10 inches; 
diameter at base, 44, and at muzzle, 27 inches, are also given by Mr. 
Clay, and compared with the original iron of which it was formed : 
" The breaking strain in Iba per square inch was,— original iron, 'com- 
monly called common iron,' 48,384, 50,624; mean, 49,504. From 
muzzle of gun, with the grain, 48,384, 50,624, 52,864; mean, 50,462: 
across the grain, 41,644, 43,904, 50,624; mean, 43,390. Borings 
from gun worked over with coal, 60,584, 62,824; mean, 61,704. 
Boring from gun worked over with charcoal, 76,584. Swedish iron, 
as imported, | square, 60,584. 

66. " We have given these details to illustrate and enforce the pre- 
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ferenoe given to puddled-iron over scrap-iron ; but there is another very 
important reason why scrap-iron should not be used for the manufac- 
ture of forgings — scrap-iron is composed of many various qualities of 
iron, and all of them have their own special welding points. When 
worked together, one portion that is less refined is too much heated, 
and consequently deteriorated, before the more highly refined portions 
are at a welding heat, and we are thus placed in the awkward dilemma 
of either burning the one or of being unable to weld the other." 

67. The writer begs respectfully to call attention to the important 
difference between the " scrap-iron" used at the forge in the formation 
of large masses, and that designated ''best scrap" or ''best best 
scrap" by the iron master, as he believes that the difierence of opinion 
r^arding scrap-iron is due in a great measure to the want of this 
distinction. The former is made up of old miscellaneous pieces, col- 
lected from every quarter, the latter composed of new iron, made in 
the same works, cut up and worked over again; consequently, the 
heterogeneous character of the one is totally unlike the homogeneous- 
ness of the other. It will be observed that Mr. Clay, in the preceding 
extracts, makes no mention of this distinction. Neither is the writer 
aware that any other person has done so. Table B contains specimens 
of both kinds, 288-295 and 783-796 cut out of crank-shafts of ham- 
mered "scrap-iron," whilst 137-140 were rolled "best best scrap." 
The mixed composition of the former is most beautifully illustrated by 
the singularly varied appearances presented by the fractures, more 
especially of specimens 793-796, as will be pointed out xmder that 
head in Section X. 

68. As Mr. Clay, in his experiments on the effect of repeated 
workings, given above (64), found that the strength increased up to 
the fifth, and then correspondingly decreased, the writer regrets that 
the contraction of area at fracture had not also been ascertained and 
stated, as perhaps the decrease might have been owing to the iron 
becoming softer during the process. 

69. Specimens 280-283 are bolts of old miscellaneous " scrap-iron," 
284-287 are corresponding ones of " busheled iron," or new miscel- 
laneous turnings; both sets were worked up under the hammer at 
the forge. Specimens 1117, 1118, Table N, are samples of Govan 
hammered bar-iron, which proved to be of extremely fine quality; 
1119, 1120, were of the same square bars, but turned. These are 
additional proofs to those already mentioned (58), that removing 
the " skin" has no prejudicial effect. 

70. Examples of some brands of Foreign flat tilted bai-s are given in 
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Table B, 264-278, and 803-810. These are shown to vary very con- 
siderably; in some instances the bad workmanship detracted from 
the fineness of the material. 
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71. The following meagre and discordant statements as to the '. 
tensile strength of Steel, given in different works, prove that there > 
was ample scope for further experiments to elicit some definite I 
information, rendered all the more necessary on account of its recent 
introduction and extending application as a substitute for wrought- 
iron: — 

72. Cast-steel, 142,122; 134,256; 130,000; 128,000; 88,657. 
Blister-steel, 133,152. Shear-steel, 124,400. Krupp's steel, 129,000; 
117,707. Uchatius', 90,000. Mersey puddled-steel, 173,817; 160,832; 
112,000; 94,752. 

73. In paragraph 64 were given Mr. Clay*s experiments to 
ascertain the effects of subjecting wrought-iron to repeated workings ; 
he made a similar series on puddled-steel, and obtained, No. 1, 
puddled-steel bar, 96,911; No. 2, pUed, 121,408; 3, 111,608; 4, 
121,408; 5, 111,608; 6, 111,608; 7, 91,136; 8, 91,136; 9, 91,136; 
10, 91,136. Mem. — "The weight increased 20 cwt. at a time.*' 
K^ret was expressed (68) that the fractured area had not been 
also ascertained and stated, as perhaps the decrease in the strain 
sustained might be entirely due to the iron becoming softer. This 
conjecture appears to be confirmed, for Mr. Clay writes, in reference 
to the hst,-^" The appearance of the fracture of the sample bars, 
when broken by the hammer in the usual manner, presents to the eye 
a very slight difference, the colour and size of crystals being to all 
appearance much the same in No. 2 as in No. 10; but when torn 
asunder by a machine for the purpose, a very marked difference is 
observable, the higher numbers having a very fibrous silky fracture; 
and yet the characteristics of steel are perfectly preserved, for No. 10 
hardens, takes the usual colours, in fact possesses all the distinguish- 
ing properties of steel." Further notice will be taken in Sections 
XL and XIH. 

74. In Section YIII. attention was called to the absolute necessity 
of stating .the breaking weight jointly with contraction of area, as 
without the latter no correct opinion could be formed of the relative 
merits of different kinds of wrought-iron, or their suitability for 
different purposea These remarks are certainly no less applicable to 
steel, as will be found by turning to Table A — Bars; thus Turton's 
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cast-steel for tools only contracted 47 per cent, with a strain of 
132,909 lb&, whereas Homogeneous rivet-metal contracted 36*6 with 
90,647; Mersey puddled-steel, 35-3 with 71,486; Blochaim puddled- 
steel, 19-0 with 65,255. Again in Table C— Plates, Moss & Gambles' 
cast-steel contracted 33*4 with 72,338 lb&; Turton & Sons' cast- 
steel, 9-5 with 95,299 ; Mersey Co. puddled-steel, " hard " and « mild," 
respectively, 4-6 with 93,979, and 10-5 with 72,366. 

75. The Sunmiary Tables F and H contain the principal results of 
the other two, and are linearly represented in Plate VL ; but the 
specimens follow each other somewhat differently, b^inning with the 
most highly converted and ending with the least; the former 
furthest, the latter least removed from that of wrought-iron. Of 
course it must not for a single moment be supposed that the writer 
considers one " the best" because placed first in these Tables; he has 
always considered that only the best which best answers its par- 
ticular purpose. This remark would have been considered unnecessary 
but for the following statements. 

76. The Mining Jowmal, 17th December, 1859, in noticing the 
publication of the former portion of these tables, remarked, though cei^ 
tainly quite inadvertently, — ''From the tabulated statements refer- 
ring to steel bars, it appears that the order of superiority runs thus, — 
Turton k Sons' cast-steel," dx;. A letter appeared in the next 
issue, signed W. T. — '' As your record of the experiments for testing 
the strength of cast-steel is calculated to convey a most erroneous 
impi-ession as to the value of steel, permit me to state that it by no 
means follows that the steel which will bear the greatest tensile 
strain is the most valuable. Indeed, the choice of steel should 
always be made with due r^ard to the purpose to which it is to be 
applied. A first-rate steel for some purposes, and one which would 
stand more tensile strain than any other, provided that strain were 
gradually applied, might be altogether useless if employed for axles, 
or for any purpose where it would be subjected to vibration, as it 
would, under such circumstances, literally shake to pieces. I notice 
by your statement that you consider Bessemer's steel superior to Hoop 
L. ; Howell's homogeneous metal better than Jowitt's spring steel ; but 
I cannot say that I agree with you, although I do not dispute your 
correctness; for I consider the comparison much the same as stating 
that Irish linen is superior to flannel, or that pens are superior to 
paper, in which cases the difficulty of deciding the relative value 
would scarcely be more apparent to the general reader than the 
adoption of the tensile strength of metal as the sole standard for 
ascertaining the value of every description of iron and steel, no 
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matter for what purpose it was manufactured, is to the makers aud 
consumers of ferruginous metals." 

77. The same writer again stated, 7th January, 1861, — " It is almost^ 
impossible to say what steel is best unless we know what it is to be 
used for; but with such knowledge the consumer may avail himself 
of the tables to much advantaga Who would think of using Turton's 
tool steel, or Jowitt's spring steel, in the manufacture of, say, cranks ' 
for a steam-engine? They would find it rather a costly experiment. '\ 
And, on the other hand, who would purchase Krupp's bolt steel, or 
Beesemer's tool steel, for making watch-springs? No one. Let con- 
sumers study the tables, and profit by them; but let them at the 
same time be careful how they draw their comparison& ... In 
huoij all that I could write would be but an enlargement of my state- 
ment, Hiat the choice must depend entirely upon the intended 
application; and if the consumer does not know what properties 
the steel best suited to his purpose should possess, no tables can be 
compiled, or experiments recorded, which can assist him." 

78. In the same issue appeared the following letter from the 
writer:—" It was only to-day that I read the letter of < W. T.' in 
the Jawrrud of Dea 24. I beg to refer him and your readers to The 
ArUzan of this month, which contains in full detail the tables and , 
accompanying illustrations of the fractures. I can only be held 
responsible for the accuracy of these tables, &c., which I prepared, 
and not for any of the short notices of the experiments which may 
have appeared since their first publication in the Trcmioctiona of the 
IneHhOion of Engineers in Scotland. I shall be glad to see ' W. T.'s * 
further remarks in the Journal after he has carefully examined the 
tables, &c; having endeavoured to develop impartiaUy the various 
peculiarities of the specimens tested, in order to ascertain their 
relative fitness for various purposes." 

X. AppEARANcns OF Fractube— Ibon. 

79. Wrought-iron is considered to present two distinct kinds 
of fracture, which are variously designated, on the one hand, 
"fibrous," "tough," "red short;" and on the other, "crystalline," 
"granular," "cold short" Some say, "bright crystallized matter like 
steel;" others, "crystalline like cast-iron;" and others again, "granu- 
lar like cast-iron." The "presence of sulphur" in the iron is stated 
by some to produce "red shortness," and phosphorus, "cold short- 
ness;" anotiier says, "From the foi^ and the rolling-mill we derive 
two distinct qualities of iron, known as 'red short' and *cold short* " 
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80. "The textnre of coinmei*cial iron," remarks Mr. Tomlinson, 
" varies according to its mode of preparation. Pure iron, which has been 
drawn out under the hammer in all directions, has a finely granular 
structure^ but when rolled into long bars, as usually sent into the market, 
the texture is fibrous in the direction of the lengtL The fibres may 
be made evident by the fracture of a bar under tension, or by acting 
upon it with dilute muriatic acid. Upon the perfection of this fibre 
much of the strength and value of iron depends; although by skilful 
management this silky character may be imparted to common varieties 
of the metal The fibrous character is not, however, necessarily per- 
manent, for after a time the metal has been found to assume a crys- 
talline appearance, especially when subjected to constant vibrations, as 
in the tension rods of suspension bridges, the axles of locomotives, and 
of railway waggons," &c., and in a note refers to Mr. Hood's paper. 

81. Mr. Tomlinson further says, — " Two common defects of bar-iron 
are known as red short and cold short, . . ^very small amount of 
phosphorus will make bar^iron brittle, so small a proportion as 0*5 per 
cent, having been found to make it cold short. Sulphur has been 
assigned as the cause of the red short property of wrought-iron ; the 
presence of only 0*0001 of sulphur renders the iron very difficult to 
work at a welding heat. A cold short iron is generally produced 
from a lean ore^ in which case it has been found desirable to mix with 
it the rich red hepatic ore of Lancashire and Cumberland, which, if 
smelted alone, would produce red short iron. In this way two 
opposite defects are made to correct each other, and iron of average 
strength is produced.*' 

82. Dr. Fairbaim observes, — "From the forge and the rolling-mill we 
derive two distinct qualities of iron, known as * red short ' and ' cold 
shortJ The former is the most ductile, and is a tough, fibrous material, 
which exhibits considerable strength when cold; the latter is more 
brittle, and has a highly crystalline fi-acture, almost like cast-iron ; but 
the fact is probably not generally known that the brittle works as well, 
and is as ductile under the hammer as the other^ when at a high temper- 
ature. Mr. Charles Hood, in a paper read some time ago before the 
Institute of Civil Engineers, went into the subject of the change in the 
internal structure of iron independently of, and subsequently to, the 
processes of its manufactura After adducing several instances of tough, 
fibrous malleable iron becoming crystalline and brittle during their em- 
ployment, he attributes these changes to the influence of percussion, 
heat, and magnetism, but questions whether either will produce the 
effect per se. . . The crystallization of perfectly fibrous and ductile 
wrought-iron has long been a subject of dispute; and although we 
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agree with most of Mr. Hood's views, we are not altogether prepared 
to admit that the causes assigned are the only ones concerned in pro- 
ducing the change, or that more than one is necessary. On the occa- 
sion of the accident on the Versailles Railway, some years since, the 
whole array of science and practice were brought to bear upon the 
elucidation of the cause. Undoubtedly the broken axle presented a 
crystalline fracture, but it has never been ascertained how far heat 
and magnetism were in operation, as in the case of an axle, and more 
especially a cituik axle, the constant vibration caused by irregularities 
in the way, and the weight of the engine, appear to be quite sufficient 
to occasion the breakage without aid from the other forcea . . . 
A French writer of eminence, Arago, appears to consider the ciystalli- 
zation of wrought-iron to be due to the joint action of time and 
vibration ; but we think, with Mr. Hood, that time and its duration 
depends entirely upon the intensity of the disturbing forces, and, 
moreover, that the time of fracture is retarded or accelerated in a given 
ratio to the intensity with which these forces are applied." 

83. In the '' Institution of Civil Engineers " and in the '' Institution 
of Mechanical Engineers" papers were read in connection with the frac- 
ture of railway axles, which led to most deeply interesting discussions 
for many meetings in succession, and in which persons of the highest 
eminence took an active part, and opinions the most conflicting were 
expressed by those i^parently equally well qualified to judge. The fol- 
lowing extracts are selected from The ArUzamLS report (vol. viii., 1850) 
of the proceedings of the last-named society on the subjects of papers 
on " Railway Axles and their Deterioration," by Mr. J. E. M'Connell, 
and on the " Form of Railway Axles," by Mr. T. Thomeycroft. 

84. Mr. M'Connell stated, " The question of deterioration of axles, 
arising from the various causes which I have enumerated, is a very 
important one to all railway companies; that some change in the 
nature of the iron does take place is a well-established fact, and the 
investigation of this is most deserving of careful attention. . . 
. . Mr. M'Connell further remarked that he had one specimen of 
an axle which he thought furnished nearly incontestible evidence of 
the truth of his position, that a change took place in the texture of 
the iron. One portion of this axle was clearly fibrous iron, but the 
other end broke off as short as glass. The axle was taken and ham- 
mered under a steam hammer, then heated again and allowed to cool, 
after which they had to cut it nearly half through and to hammer it a 
long time before they could break it. 

8S^. '' The President (the late Robert Stephenson, Esq.) said, that 
Mr. M'Connell had expressed a strong opinion that a change took 



38 ExperimerUs an Wroughi-Iron and Steel, 

place fix>m a fibrous stmctore in iron to a crystalline one during the 
time of its being in use; and it would be satis&ctory if an instance 
oould be pointed out where this change had occurred^ owing to vibra- 
tion or any other treatment, for he had not been able to satisfy himself 
fix>m many experiments that any such molecular change took place; 
Hammering a piece of hot iron till it is cold produced a hardness 
called ciystalline; but the question for consideration was, supposing 
an iron axle were annealed by heating to a dull red heat and being 
allowed to cool slowly, would the ' texture' of that iron undergo any 
alteration afterwards from the vibration of the railway or any piece of 
machinery they were in the habit of employing? He had not been 
able to detect an instance of the kind ; and in giving evidence before 
the Iron Girder Bridge Commission he mentioned cases of vibration 
going on from year to year without any sensible change occurring in 
wrought or cast-iron. For instance, they had the Cornish engine 
beam with a strain of 50 lbs. per inch, working eight or ten strokes 
per minute for more than twenty years; and certainly if a molecular 
change was introduced by vibration it ought to be by that continual 
concussion and vibration, but none was perceived. Again, the con- 
necting rod of a locomotive was a piece of iron in a most perplexing 
situation, for one having more to do and having the strain changed 
more frequently it was difficult to conceive; and yet he had known 
the connecting rod of a locomotive engine to vibrate eight times in a 
second for several years* regular work, making more than 200 million 
times altogether, but the iron retained its fibrous structure; and he 
thought axles could not be subject to so much vibration. When, 
therefore, he found that a connecting rod did not change its molecular 
texture, he must say there were good gi'ounds for doubting that iron 
changes its state in axles. .... He was only desirous to put the 
members on their guard against being satisfied with less than incontes- 
tible evidence as to a molecular change in iron, for the subject was one 
of serious importance, and the breaking of an axle had on one occasion 
rendered it questionable whether or not the engineer and superinten- 
dent would have had a verdict of man-slaughter returned against them. 
The investigation hence required the greatest caution; and in the pre- 
sent case there was not evidence to show that the axle was fibrous 
beforehand, but crystalline when it broke. He therefore wished the 
members of the Institution, connected as they were with the manufac- 
ture of iron, to patise before they arrived at the conclusion that iron is a 
substance liable to crystallize, or to a molecular change from vibration. 
86. " Mr. Cowper did not believe that any axle which, when brokeo, 
proved to be crystalline had ever been fibrous in its character. 
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87. '' Mr. Henry Smith observed that throwing cold water upon 
hot journals did gi-eat injury by crystallizing that portion of the axla 

S8, ** Mr. Slate did not think that any change from a fibrous to a 
crystalline texture was produced in iron unless it were strained beyond 
ihe limit of its elasticity. Some of the pump rods in Staffordshire, 
which had been in use for eighteen or twenty years, were subject to a 
strain of 3^ tons per square inch ; and a short time ago he had occasion 
to ascertain their actual performance with reference to this very ques- 
tion, and this not being considered conclusiye, he had made a machine 
in which he put an inch square bar, subjected to a constant strain of 
5 tons, and an additional varying strain of 2^ tons, alternately raised 
and lowered by an eccentric eighty or ninety times per minute ; and 
this motion was continued for so long a time that he considered it 
equal to the effect of ninety years* railway working, but no change 
whatever was perceptible; and, therefore, he was one of those who 
did not believe in a change from a fibrous to a crystalline structure 
in iron. 

89. *' Mr. M'Connell having been requested at the kst meeting to 
furnish further proof of the change from the fibrous to the crystalline 
character produced in railway axles, and feeling convinced that a strict 
and careful examination of this important subject is a necessity in this 
age of railway practice, the inquiry has been resumed in the hope that 
the further information and experience gained may tend to a more 
perfect knowledge of the subject 

90. '' Before stating the results of the different experiments which 
have been made with the view of ascertaining the cause and extent of 
the change from the fibrous to the crystalline appearance in railway 
axle iron, it must be observed that in this, as in some other matters 
of controversy, it is most difficult to produce full and conclusive pi*oof 
that the iron which is produced of a crystalline character was once 
fibrous, as we cannot by any ex{)eriment show the change visibly 
taking place ; but surely it is &dr and reasonable to admit the fo/ct of 
a change, when we find railway axles when new, from the pai*ticular 
mode of manu&cture, present through every part of their substance 
a tough, strong, fibrous appearance; yet, after several years* use, we 
find axles of the same description, owing to the various deteriorating 
causes in action, break short at the back of the wheel, and then 
present an appearance totally different from the original structure of 
the iron as described above. 

91. ''Mr. Hodge said, so important was the question which presented 
itself with reference to changes in the structure of iron, that it had 
occupied the attention of the American Institute for two sessions, and 
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he thought that this Institution should not allow the subject to pass 
without a long and careful consideration, because it was necessary to 
have regard to the various circumstances under which the iron was 
manu&ctured, and the particular character of the iron itself 

92. " Mr. M'Connell considered that a change was produced from a 
fibrous to a crystalline structure by the effects of the concussion (x 
jarring that the axles are subjected to whilst running on the railway; 
and it appears to be generally considered that such change takes place 
to a greater or less extent according to the circumstances, both in rail- 
way axles and in many other cases where iron is exposed to concussion 
or jarring, though there may be a difference of opinion as to the cause 
of the changa Another striking instance of the conversion of tough 
wrought-iron into a brittle material is shown in the chain slings used 
for carrying the bars during the process of hammering at a forge. 
The writer lately had an opportunity of observing a chain which had 
been in use for this purpose, and had become so extremely brittle that 
it was more like glass in its texture than the tough strong iron which 
it had been when first made ; and he was satisfied that it had only been 
subjected to this extreme jarring action for a few months, and had 
not been otherwise employed. And further, it may be mentioned as 
a circumstance of common occurrence, that the porter-bars that are 
attached to the blooms whilst under the forge hammer became so 
brittle with the constant violent jarring to which they are subjected, 
that they break in two after a very moderate amount of work. In 
these instances there appears to have been no cause but the janing or 
concussion to produce the change, as the iron was subjected to little 
strain in proportion to its strength ; and the same may be observed of 
several of the instances mentioned before, in one of which the wrought- 
iron arms of a fly-wheel were jarred loose in the cast-iron rim, and 
broke off quite short, from the rapid and continued violent shocks 
caused by the cam striking the helve, although the ii'on was of the 
toughest description originally. 

93. " The President observed that at the first discussion on this 
subject he took the liberty of drawing the attention of the members 
to the extreme care that was necessary in coming to any conclusion as 
to a molecular change in the constitution of wrougbt-iron. He 
thought that although there were a number of facts and statements on 
record which appeared to render it extremely probable that some 
change did take place in iron, yet that it only amounted to a change 
in the particles in their relation to each other, which might in the 
end produce a brittleness, or impart a crystalline character. These 
proofs were now multiplied in number, but he thought were not much 
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increased in pointedness, if he excepted the experiment with the 
chain, which was the most striking and mai'ked instance of which he 
had yet heard. Hence they must conceive that a change takes place 
in iron if subject to vibration ; but an investigation into the precise 
cause of the change would require more time and care than could at 
present be devoted to it. He might remark that since their last 
meeting he had turned his attention to ascertain, if possible, whether 
any real difference exists in the molecular arrangement of the material 
or structure of a piece of iron called crystalline, and a piece of iron 
balled fibrous; and for this purpose he had examined them under a 
powerful microscope, and it would, probably, surpi-ise the members to 
know that no real difference could be perceived, and that if he had 
not previously seen with the naked eye the specimens called fibrous 
and crystalline, he should not have been able to distinguish the one 
from the other in the microscope. The best specimen he could sdect 
of the kind called fibrous exhibited to the naked eye a laminal anunge- 
ment of dark and light lines, but the light Unes composing the 
apparent fibre were, in point of ^t, as crystalline as the other kind of 
iron, and, therefore, however fibrous it might appear, it was essentially 
a crystalline' mass. Even in a piece of iron with large fiicets, which 
appeared extremely crystalline, when one of the crystals was exam- 
ined it gave much the same appearance under the microscope as a 
fibrous surfiice gives to the naked eye ; in fact, it would appear to con- 
sist of bundles of fibres broken through at certain angles, just as slate 
was observed in the quarries to break in particular rhomboidal forms 
Now, in the instance of slate, there was nothing fibrous or crystalline, 
but owing to the peculiar arrangement of the particles it exhibited on 
a lai^e scale something resembUng the appearances to be observed in 
Iron — ^like fibres being broken through in particular planes. 

94. '^ It appeared to him that the fracture taking place in an axle 
at particular points might be illustrated by reference to a string being 
thrown into vibration. There were certain points of the string, called 
nodes, where no motion took place, because the action on the one side' 
neutralizes the action on the other, and the particles at the nodes have 
double duty to perform, being pulled in opposite directions at the same 
time : hence what might be called the nodes in the axle had great 
action upon them, and this might induce a crystalline appearance, 
although it might not cause much change in the structure of the iron. 
It appeared to him a matter of extreme difficulty to conceive a change 
going on in the structure of iron, because it would involve a change 
from one kind of crystalline structure to another, which was next to 
an impossibility. He could imagine that a number of particles under 
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the influence of vibration might in time jostle each other into parti- 
cular forms, and become fibrous; yet, when they examined most 
fibrous iron they would find it already crystalline, which involved the 
necessity of the molecules leaving one form of crystal and taking 
another. It would be well for the members to communicate to the 
Institution any well-authenticated fact-s of crystallization of iron, 
because nothing could have so important a bearing on the structure of 
railway axles as the means of tracing fractures to their real cause. 
Perhaps at their next meeting he might have the [ileasure of ex- 
hibiting to the members certain microscopic results, but as yet he 
had not given the subject sufficient consideration to justify him in 
doing so. 

95. " Mr. Adams thought that the appearance called crystalline was 
caused by nothing more or less than a bundle of fibres, consisting of 
many small crystals being sheared ofi* square, forming one face. 

96. " Mr. H. Smith inquired whether the Chairman thought there 
was any difference of strength produced. If they took the case of the 
common gag to the helve, or the prop that was placed under it, they 
found it became crystalline in the course of time, and very brittle, 
though quite fibrous at first So also in the case of the chains on 
inclined planes, they broke very soon. He should like to know 
whether ciystallized iron was not weaker than fibrous. 

97. " Mr. M*Connell thought it was so. Whenever iron was sub- 
jected to a jar, the fracture was square across, and it seemed as if the 
whole structure of the iron became brittle like glass. 

98. " Mr. T. Thomeycroft said, a mass of evidence might be adduced 
to prove that the internal stinicture of iron undergoes no change, 
unless there be a change of form ; and that simple jarring or vibra- 
tion will not destroy the fibre of iron, whereas bending, if long con- 
tinued, will change the most fibrous iron into crystalline; therefore 
the author would fully subscribe to the opinion of one of the railway 
commissioners, who has stated, ' that it was of impoi-tance to avoid 
deflection on railway axles, as deflection was almost as fiital as frac- 
ture in causing accidenta 

99. In The Useful MetcUs and their Allays occurs the following pas- 
sage under " Steel Manufacturo :" — " The conversion of wrought-iron 
into a substance resembling cast-iron in many of its charactera, by 
subjecting its particles for some time to a state of vibration, without 
any chemical change in its composition taking place, seems to indicate 
that the different properties of these three materials may depend on 
other circumstances besides the proportion the carlx)n bears to 
the iron." 
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100. Id The Engirieer, 26th December, 1856, in a letter on "Ciystal- 
lization of Iron," Mr. Thomas Harrison, of the Trany Iron Works, 
writes, — "I see a letter from one of your correspondents, asking Mr. 
Forsyth, or any other of your readers, the reason why the fibre in iron 
of boilers becomes crystallized after a few years* use. The reason is 
obvioua We must first understand that all bodies are composed of 
atoms of a spherical form, held together by that force known as the 
attraction of cohesion. Then, in the manuflGusture of this body (iron) — 
it being in a semi-fluid state while subject to great mechanical pressure 
— the particles are brought within the sphere of this force, and assume 
the fibrous state, provided all the foreign matter has been driven off, 
such as sulphur, carbon, &c. ; but if these bodies have not been driven 
off in the manufacture, then it is crystallized iron frt>m the first. With 
this premise we cannot be at a loss to know the reason why the plate 
becomes crystallized after being in use a short time. Now, ti-ace the 
process from the fibrous to the crystalline state. The subtle agent, 
caloric, penetrates into every interstice of the iron, deranging the 
molecular arrangement of the body, at the same time bringing it 
into a fit state for the absorption of the sulphur, carbon, &c. ; which 
the iron greedily takes up, until it is dosed into the state called 
crystallized iron. If we take iron that has become crystallized by this 
means, and bring it to a semi-fluid state, and subject it to great 
pressure, it will again assume a fibrous state, because the sulphur, 
carbon, &c, that it has imbibed is again driven off.*' 

101. In The Jfecfta/nic*8 MagaaiTkA^ 3d May, 1861, under article 
''Expansion of Metab and Alloys,** by Professor F. C. Calvert and 
others, the following occurs: — "In course of these experiments we 
have met with facts which we believe will prove highly interesting : 

Ircn CryetaUized by VibraHon, 

90'' to lO"*— 69,1st 66'5,2d. 66-5,8d. 66-6,4th. 66-8 mean. Co-efficient of Ezpansian, 

0-00119. 

Hem of 100°, minos 20 68-5 mean. Co-effident, crystallized 

by Tibratioo, 00108. 

We have been led to devote particular attention to these facts on 
account of the great use which is made of these metals in naval and 
other constructions.** 

102. The Mechanic's Magazine, 17th May, 1861, in a letter on "Crys- 
tallization of Iron,** signed John Marshall, contains this paragraph : — 
"The theory that I maintain in regard to the dystallization of iron, 
in the case of railway axles and parts of machinery similarly circum- 
stanced, is, that the rotation and friction of the axle in the axle-box, 
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accompanied hj a moderate amount of heat, excites the latent mag- 
netism of the molecules of the iron, whilst, at the same time, the 
vibration not only disintegrates and destro3rs the cohesion of the 
molecules composing the fibres, but assists in the excitation of the 
latent magnetism. As the molecules of the fibi-es become disinte- 
grated, the molecules of greatest hardness, and consequently of greatest 
latent or visible magnetism, form nuclei, around which the softer 
molecules collect, forming crystals of various sizes, the hardest and 
most magnetic molecules forming the nuclei of the largest crystals; 
and further, as there is between the north and south pole of every 
magnet a neutral point, where there is no magnetic attraction, so the 
line of fracture would follow the neutral point between the ctystals, 
varying from a straight line, or the line of direction of the breaking 
strain, to follow the weakest points of the magnetic cohesion of the 
crystals." 

103. The JaumcU of the Frcmklin Instilfite, in some remarks on the 
structural condition of iron, contains the following statement: — 
"With regard to the important and much discussed question of the 
alteration of malleable iron when exposed to continuous vibration, 
concussion, or torsion, in consequence of which it requires a granular 
fracture, Fuchs admits that such an alteration takes place even in 
the best worked metal, but does not altogether agree with the explan- 
ation usually offered for it, viz., the gradual assumption of a crystal- 
line texture ; and is of opinion that it consists in the passage of the 
iron from a fibrous crystalline state to a granular crystalline state — a 
change in the aggregation, not an essential metamorphosis.'* 

' 104. The Engineer, in several exceedingly interesting leaders, directs 

attention to the necessity of obtaining further facts bearing on this 

important and much controverted subject. The following extracts are 

I 'selected from articles. On the "Manufacture of Locomotive Crank- 

(■ axles," 10th June, 1859 : — "Whether the question of the cr3rstallization 

' of wrought-iron under repeated concussions be ever settled, nothing is 

more common than to find, in the case of cranks which have broken after 

severe service, that the grain is in coarse crystals, often resembling zina 

In view of the possibility of the existence of this condition at the time 

the crank leaves the forge, it might be advisable to give it a low red 

heat, and leave it to cool slowly afterwards, — a process of annealing 

which has been found to be a complete corrective of the evils resulting 

from over-hammering common railway axles when nearly cold. . . 

There is some difference of opinion as to the relative strength of axles 

made respectively from new and scrap-iron. Bad work may be done 
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in either material, and with each the extremes of original quality are 
very wide. Good tough scrap-iron, carefully assorted so as to be as 
nearly as possible of uniform quality, will doubtless make an excellent 
forging, and, with care, even a sound, strong crank-axle." 

105. On the "Eflfects of Percussion and Frost upon Iron," 18th June, 
1861. — "Up to the present moment it has been very generally supposed, 
even by metallurgical authorities, that when wrought or malleable iron, 
even of a good fibrous quality, is acted upon by long-continued per- 
cussion, or by the tremulous motion to which it is subjected in railway 
work, it necessarily loses its fibrous nature, and acquires a ciystalline 
character. During the present week this opinion has been strongly 
stated in an important article which the Times has quoted from Aris^t 
Birmingham Gazette. The writer not only asserted this view himself, 
but also stated that any person of competent metallurgical knowledge 
can show that * the crystallization of railway iron is no fault of the 
maker.' He further states that, 'wrought, or malleable-iron (of which 
all railway tyres and axles are made) [?], when it leaves the maker's 
hands, is fibrous in structure, highly ductile, and might be actually 
tied into a knot' This is too general a statement to be strictly true 
under any circumstances : it virtually implies, when taken with the 
writer's context, that wrought-iron is never manufactured for railway 
purposes in a wholly, or even a partially, crystallized condition. 
€k>od fibrous iron may be weakened both by percussion and by frost, 
and the action of these causes may change fibrous metal into crys- 
talline; but to say that wrought-iron of a crystalline nature is never 
issued by manu&cturers for railway purposes, is to contradict the 
experience of many engineers. The writer already quoted also urges 
the necessity of annealing railway iron — that is, exposing it to a red 
heat and allowing it to cool slowly — in order to restore its fibrous 
character, after crystallization has been induced by percussion or frost. 
He states that by this treatment ' the ductility of the metal will be 
restored, the crystalline structure removed, and the liability to sudden 
fracture in periods of low temperature greatly diminished.' He does 
not state in as many words that the strength of the iron, or that its 
tensile power of resLstance, is restored ; but this opinion is commonly 
held, and there is nothiug in the writer's remarks expressing dissent 
from it. 

106. " We need hardly say that this is one of the most important 
subjects that the engineers of the present day are called upon to 
investigate. The lives of many persons, and the property of many 
more, will be saved if the truth of the matter be discovered— lost, if 
it be not. For these reasons we cheerfully bring to the prominent 
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notice of our readers the new views concerning tbe action of per- 
cussion and cold upon wrought-iron, which were put forth in a report 
on the condition of the Niagara railway suspension bridge, by Mr. 
Eoebling, a distinguished civil engineer of the United Statea The 
views of this gentleman are as follows: — The force which holds 
together the molecules of iron is termed cohesion. Heat will expand 
iron, and when applied intensely and continuously will melt it, and 
will thus destroy all cohesion, and at the same time all elasticity, and 
all magnetic tension. It follows, then, that heat of a certain degree is 
opposed to cohesion and elasticity. And this explains why large 
masses of wrought-iron, when being forged, and thus subjected for a 
considerable length of time to an annealing process, will, in the 
centre, become greatly reduced in cohesion and elasticity. The pre- 
viously existing fibre in the faggots will change into a coarse crystal- 
line textui-e, because the iron being in a pasty and nearly molten state, 
and the mechanical effect of hammering being confined to the surface, 
and not penetrating to the centre, the formation of large crystals will 
be left undisturbed. Broken car axles sometimes appear to have 
undergone a similar changa The fiict is that they generally exhibit 
a crystalline fracture. But Mr. Roebling suspects that many new 
axles, although manufactured out of fibrous rough bar, will, when 
finished and broken before they are used, also exhibit a crystalline 
fracture. In his own practice he has, he states, witnessed the fact 
that an experienced manufacturer, anxious to satisfy him, did not 
succeed in manufacturing round bolt of four to five inches in diameter 
out of good fibrous rough bar without producing a crystalline texture 
in the centre. The ofbener he piled the iron the worse was the result 
On the other hand, Mr. Roebling contends that he never heard of a 
failure when the bolt was forged entire under the hammer out of 
j good, well-worked, and thoroughly hammered charcoal blooms with 
their rough ends cut off*. Further, the most fibrous bar-iron may be 
broken so as to present a granular and somewhat crystalline fracture, 
and this without undergoing any molecular change in the texture. 
' Take a fibrous bar, say ten feet long, but the longer the better : nip 
it in the centre all round with a cold chisel, then poise the bar upon 
the short edge of a lai'ge anvil and a short piece of iron placed eight 
or nine inches from the edge on the face of the anvil ; then strike a 
few heavy blows upon the nip, so that each blow will cause the bar to 
rebound and to vibrate intensely, and the result will be a granular 
and somewhat crystalline fracture. Now take up the two halves, 
and nip them again all around, about one or two inches off* the 
fractured ends, break them off by easy blows over the round edge of 
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the anvil, and the fibre will appear again. This experiment proves 
that a break, caused by sudden jars and intense vibration, may show 
a granular and even crystalline fracture without having changed the 
molecular arrangement of the iron. All fibres are composed of 
mineral crystals, drawn out and elongated or flattened; and the 
fracture may be produced so as to exhibit in the same bar, and; 
within the same inch of bar, either more fibre or more crystal. But ' 
a coarse crystalline bar will, under no circumstances, exhibit fibre ; 
nor will a well worked-out fibi^ exhibit coarse crjrstalR.' Mr. Roe- '• 
bUng*s view of the matter is, that a molecular change, or so-called 
ffranuloHon or crystallization, in consequence of vibration or tension, 
or both combined, has in no instance been satisfactorily proved or 
demonstrated by experiments. 

107. " He further insists that crystallization in iron or any other 
metal can never take place in a cold state. To form crystals at all 
the metal must be in a highly heated, or nearly a molten state. On 
the other hand, he is witnessing the fact daily, he says, that vibration 
and tension combined will greatly aflect the strength of iron tmthoiU 
changing its fibrous texture. The cohesion and elasticity of wire and 
wire rope will be rapidly destroyed by great tension and vibration 
combined. Whether we are able to account for it or not, 'there 
stands,* says he, ' the /act.' But what is true of iron wire applies 
with equal force, and, when all circumstances and conditions are 
duly proportioned, with even greater force, to large masses. The 
extensive opportunities which his pursuits offer to make experiments 
and observations on wire and wire rope, authorize, he believes, a 
positive expression on this subject. 

108. " Mr. Boebling goes even further. The opinion prevails, that 
a well drawn-out fibre is the only sure sign of tensile strength. This, 
however, is true, he affirms, only when applied to ordina/ry qualities 
of bar or rail iron. The fact is different with good charcoal iron, and 
with steel. The greatest cohesion is accompanied by a fine, close- 
grained, uniform appearance of texture, which, under a magnifying 
glass, exhibits fibre. The colour is a silvery lustre, fi-ee from dark 
specks. The finer and more close-grained the texture, the nearer the 
iron approaches to steel. Those who are familiar with good Swedish 
or Norway iron will support these statements. These facts alone 
should be sufficient to disprove the erroneous notion that good iron 
and steel, which should always be granular, will become so only by 
vibration, and will thereby lose their strength. But it is important 
to keep in mind the distinction between a fine uniform granular 
fracture and a coarse cryRtalline fnicturc. Wliero coai'se crystalli- 
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zaidon appears there is a want of contact and compactness, and, con- 
sequently, of cohesion and strength generally." 

109. Owt the " Duration of Iron Structures," 25th January, 1861. 
— " Mr. Boebling suggests a theory by which he accounts for the 
weakening effect which vibration under tension and bending produce 
upk)n iron. It is as follows: — ^All irons form alloys of pure iron 
.mixed with carbon and other impurities. A certain amount of 
impurities, in the shape of good cinder, appears to be necessary to 
impart strength and cohesion to this metal, and also to make it 
malleable, and to give it welding properties. The purer the iron is, 
the higher the heat at which it will weld. Compare, for instance, 
good Swedish iron with common puddled bar : while the latter will 
weld at a low heat, the former requires a much higher heat Conipare 
their fracture and colour: the good Swedish bar will exhibit either 
a fine granular appearance or fibre, accompanied by a silvery lustre, 
showing comparative purity j the puddled bar will be of a dark 
colour, with a graphite lustre, and will show a coarse texture, or 
loose fibre. During the process of puddling, as well as of bloomin^^ 
the melted pig-iron is mixed with cinder; and this mixture, which 
will adhere by cohesion, prevents the formation of large crystals, 
which is the tendency of pure iron in a molten state. Now, by 
working (bringing to natiMre, as the puddler calls it), this mixing and 
crystallization is promoted. The subsequent squeezing and rolling of 
the puddled ball, or the hammering and shingling of the bloom, will 
have the effect of condensing, laminating, reducing, and drawing out 
these crystals, at the same time removing and squeezing out the 
superabundant cinder from between the metallic crystals. Thus, the 
drawn-out fibre is composed of an aggregate of pure iron threads and 
leaves, enveloped in cinder. Pure iron, as well as veiy impure iron, 
is weak; the maximum strength and toughness is obtained by a 
certain mixture of pure iron with carbon and cinder, thoroughly 
worked and incorporated. When the fibrous and laminar aggregation 
becomes so dense as to be fit for the manufacture of steel, then are, 
by this very process, sufficient impurities expelled, and the greatest 
degree of cohesion is obtained. Hence, strong steel can only be 
made of sti'ong iron, no matter what chemicals may be administered 
during the process. * Keeping the above process before our minds, 
we may now understand,* says Mr. Roebling, * why even the best 
fibrous wrought-iron, when exposed to long-continued vibration 
under tension, or to torsion, bending, or twisting, must inevitably 
become brittle, because tfie iron threads and laminoe become loosened 
in their cinder envelopes. But the cohesion between the iron and its 
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cinder once destroyed, and its strength is gone. Now, wheiher 
cohesion is the result of magnetic attraction (according to Faraday) 
or otherwise, this process appears to be pui-ely mechanical."^* But let 
the explanation which is here offered be correct or not, says Mr. 
Roebling, the fact remains, that fibrous iron, and all kinds of iron 
and steel, will be rendered brittle by vibration and tension, or by 
bending and twisting, unihotU undergoing any mysterious change in 
its molecular arrangement We think it will be admitted that the 
author's theory is, to say the least, well deserving future consideration." 

110. The previous extracts generally refer to supposed changes in the 
iron, independent of and subsequent to its manufacture ; a few others 
will now be given on crystallization occurring in the production of large 
foraged masses, and no higher authority can be quoted than Mr. Clay, of 
the Mersey Forge, who observes, — " A great deal has been said and writ- 
ten with reference to a supposed deterioration, or as it has been called, 
'crystallization* of iron when worked into large masses, from long- 
continued and frequent heatings ; it has also been asserted that the 
iron, while lying in the furnace, is continually attracting carbon from 
the grate, until, in course of time, it becomes carburetted, that is, 
re-converted into pig-iron. When this theory was first propounded 
the writer determined to test its accuracy, and that in the presence of 
the gentlemen by whom it had been promulgated. A small knob, or 
comer, was accordingly detached frx)m a large forging which had been 
overheated, or burnt ; it broke off with a large flaky appearance, very 
similar to some descriptions of lead ore. This was pronounced to be 
very similar in its nature to cast-iron, and in the so-called crystallized 
state. Proceeding to the smith's department, the iron was heated in 
the fire, and drawn down to about three times its original length. It 
worked well under the hammer, and when broken again in the usual 
way, was as beautifully fibrous as the iron from which it was originally 
made. This experiment led to the conclusion that the iron acted 
upon was very different in its nature from cast-iron, and certainly 
failed in sustaining the crystallization theory. .... 

111. "It seems to us that all wrought-iron is, more or less, crystalline 
in its structure; and that the difference between what we call fibrous 
and crystallized iron only consists in the degree of fineness in the 
ciystals, and perhaps in the manner in which they are laid together; 
the presence also of foreign matter, such as silicon, in some form, may 
also have its influence. Whatever the cause may be, however, it is 
known that a piece of good fibrous iron will break under the smith's 
hammer with a long silky appearance ; if suddenly fractured by an 
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irresistible blow, the same piece of iron will break crystalline, but the 
crystals will be very fine and close, and of a good colour. In some 
experiments made at Woolwich in 1842, to test the effects of shot 
against wrought-iron plates, and determine whether wrought-iron was 
a soitable material for ships of war, it was found that the strongest 
and most fibrous plate-iron, when struck by shot, was instantaneously 
crystallized, while the pieces struck out were so hot that the frag- 
ments, even after passing a considerable distance through the air, could 
not be handled with the naked hand j in many cases the fracture had 
that blue appearance which is indicative of considerable heat. 

112. "A 68-pounder wrought-iron gun burst with the first chai^, at 
Woolwich, on the 12th July, 1855: on examination, the iron was 
pronounced to be crystallized, and its nature changed, by long expos- 
ure to great heat. This crystalline appearance was, most probably, 
the result of the very sudden disruption, as in the experiment with 
the iron plates; and according to our view of the case, is traceable to 
bad workmanship. A considerable portion of the bars of which the 
forging was composed had never been welded at all, and no doubt the 
fracture commenced with these &dse weldings. The crystalline ap- 
pearance, where the iron was torn from the solid mass, arose, at any 
rate to a great extent, frx>m the sudden fructure. Other causes, no 
doubt, assisted, among which the selection of iron too highly refined 
may be included. From this crystalline appearance the authorities of 
the Ordnance Department arrived at the conclusion that large masses 
of iron, from long-continued heating, have a tendency to crystallize, 
and lose the properties peculiar to wrought-iron 

113. '< Having thus endeavoured to explain the meaning of the term 
* crystallization,' let us now endeavour to find the causes which pro- 
duce this result The change in the structure of the mass of iron, 
when it occurs during the process of heating, is usually produced fit)m 
the frimace being urged to a much greater heat than is necessary for 
welding the iron ; in fact, the outside first, and, if the heat be not 
checked, the whole of the mass, is reduced to a pasty or partially fluid 
condition. The structure of the iron is thus entirely changed, and in 
the process of cooling the mass, crystallization takes place in the same 
manner as with other substances which crystallize in passing from the 
fluid to the solid state. Under these circumstances, the iron may be 
injured — in other words, it may be burned ; but we are not to sup- 
pose that such a result is either inevitable or by any means common ; 
on the contrary, the heat necessary to produce the evil is with difiiculty 
obtained in an ordinary furnace, under the most favourable circum- 
stances." 
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114. The above extracts have been given with the view of showing! 
that this part of our subject was not only interesting and important, | 
but offered a Mr field for further inquiry; and it is hoped that the ' 
extensive series of fractured specimens, carefully preserved for refer- i 
ence, together with the ascertained facts, will place this vexed 
question in a more satisfactory position than it has hitherto 
occupied. 

115. The diversified appearances presented in the present series of 
fractures have been classified as follows : — 



iGrannUr. 
GranaUr and ciystalline. 
Crystallioe and fibrouB. 
Granular and fibrooa. 
Fibroos. 



Wrouobt-Iboii, 



Fibrona. 

FibrooB and crfstalline. 

Giystalline. 



116. Under each of these classes there are many gradations as 
regards the fineness or coarseness of the texture. It only confuses 
matters, however, to liken the crystalline appearance of wrought-iron 
either to cast-iron or to steel, as each has perfectly distinct character- 
istics of its own, although in some cases they approach much nearer 
each other than in others. 

117. Full-size delineations of the Iron fractured specimens, selected 
as representatives of the various classes, are given in Plates II., IY.,Y., 
XY., XYL In Plate II. the softest of the bar specimens is shown at 
K, the hardest and least ductile at Z. Plate lY., specimen M, is the 
most ductile of the fine fibrous class; specimen Q, of the finely crystal- 
line aud fibrous; specimen T, of the coarsely crystalline and least 
ductile variety; specimens U,V,and W,of the coarser kinds of fibrous 
laminated plates; and X, unlaminated. Plate Y. contains mis- 
cellaneous specimens, viz., puddled-iron, a, b; the singularly varied 
appearances of pieces cut out of crank-shaft, which were turned down, 
6, d, e, g, h, and forged down i; various kinds of iron bars partly 
converted into steel, k, 1, m, n, o; iron bar after being '' cold-rolled," 
p; from the same piece annealed, q; hammered bar-iron, r; different 
qualities of angle-iron, 8, t, u, y, w; coarsest description of strap- 
iron, z« Plate XY. illustrates effects sometimes produced in the 
appearance by altering the shape of specimens; figs. A,C, E, &c., are 
fractures at parallel portion, and figs. B, D, F, dec., corresponding ones 
at grooved portion. In Plate XYI. fractures of the screwed bolts are 
exhibited ; those wholly fibrous. A, B, C, H, fibrous and crystalline, G ; 
wholly crystalline, D, E, F. The following are specimens of those 
acted upon by acid to develop the textiire; — &g, 1, highly worked 
rolled bar; fig. 2, slightly worked rolled bar; fig. 3, puddled-iron 
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rolled ; fig. 5, piece cut out of crank-shaft, lengthways ; fig. 4, piece 
cut out of armour-plate, croeswaya 

118. These illustrative plates were prepared with extreme care, in 
order to convey a correct general idea of the various peculiarities in 
the specimens ; but the actual fractures must themselves be examined 
to observe many minute distinctions as regards lustre and gradations 
in the colour, alike impossible to represent or describe. 

119. The conclusions come to by the writer in course of the present 
experimental inquiiy will now be stated, after which the evidence in 
suppoi*t of them will be produced. 1. Whenever wrought-iron breaks 

\\ midclenlf/, a cryHaUine appearance is the invariable result; when 



grad.%wXLy^ invariably 2k fibrous appearanca 2. Whether, on the one 
} hand, it is finely or coarsely crystalline, or, on the other, the fibre be 
fine and close, or coarse and open, depends upon the quality of the 
iron. 3. When there is a combination in the same bar or plate 
of two kinds — ^the one harder or less ductile than the other — the 
appearance will be partly crystalline and partly fibrous, the latter 
produced by the gradual drawing-asunder action previous to and at the 
time of rupture ; whilst in the former the iron breaks suddenly, without 
elongating at time of rupture. 4. When the proportion of the harder 
is considerably less than the softer, the former snaps suddenly, whilst 
the latter continues stretching; but when neai-ly equal, or the less duo- 
tile predominates, both portions break together, or almost at the same 
moment, — ^the one part, gradually arriving at its limit of endurance, 
breaks with a fibrous appearance, whilst a greatly increased strain 
consequently coming on the remaining portion, it suddenly gives way, 
producing a crystalline appearance. 5. The relative qualities of 
various irons may be pretty accurately judged of by comparing their 
fractures, provided they have all been treated in precisely the same 
way, and all broken under the same sort of strains similarly applied. 
6. By var3ring either the shape, the treatment, the kind of strain, or 
its application, pieces cut off the same bar will be made to present 
vastly different appearances in some kinds of iron, whilst in others 
little or no difference will result. 

120. Numerous instances of fractures wholly fibrous, some wholly 
crystalline, and others partly both, are severally contained in Table 
B — Bars, Table D — Plates, and Table E — ^Angle-iron. Under the 
heading '' fracture " will be found the classified appearance of each 
specimen throughout the entire series; and as already mentioned, 
"0" signifies that it is wholly fibrous, and "100" wholly crystal- 
line. A very fine example of the union in one bar of five dis- 
tinct layers, two fibrous and three crystalline, occurs in Bradley's 
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S C Grown, No. 147, Table B, and in the con'esponding specimen, 
1507, Table T, both of which pieces stretched a certain amount, and 
then suddenly gave way. 

121. A few examples will now be given, to prove that the ap- , 
pearanoe of the same bar may be completely changed from wholly 
fibrous to wholly crystalline, without calling in the assistance of any 
of those agents already referred to — viz, vibration, percussion, heat, 
magnetism, kc ; — and that may be done in three different ways : — 
iHy by altering the shape of the specimen so as to render it more 
liable to snap ; 2ndy by treatment making it harder ; and 3rc?, by 
applying the strain so suddenly as to render it more liable to snap 
from having less time to stretch. 

122. FirsUy^ — By altering the shape, rendering it less liable { 
to draw, out, which was accomplished by simply reducing the I 
diameter by means of a narrow square-edged tool; and as it was 
considered desirable not only to ascertain that such a difference 
could be produced, but to give ocular demonstration by presenting 
in the same piece two fractures so widely different in their appear- 
ance as fibrous and crystalline, the following method was devised : 
— Instead of forming heads or shoulders on the bolts, as previously 
done, the two ends were screwed, the one to double the length of 
the other, and in the centre of the long screw a narrow square- 
edged strip was cut out, as shown in Plate XV. ; the bolt was 
then inserted into the shackles (fig. 6, Plate L) and broken ; it was 
afterwards again placed in the lath^, and the space between the screws 
reduced to the same size as the grooved portion, when it was again 
broken. We will now see the varied results. Compare two bars of the 
same quality, viz., Bowling (1207) and Lowmoor (1204). The former 
stretched at the grooved portion before breaking, whereas the latter 
snapped : the one was wholly fibrous, as shown at B, the other almost 
wholly crystalline, as at M. These two bolts, when broken at the re- 
duced portion, represented alike the same very fine fibrous fractures as 
at A and L respectively. The question may be asked, Why should the 
one grooved specimen stretch, and not the other ? In i-eply, attention is 
called to the &ct, that the one bar is much softer than the other, as 
proved by the area of the one, 1209, Table P, contracting 56*44 per 
cent, with a breaking load of 58,678 lbs., whilst 1206 only contracted 
51*00, with a load of 65,166 lbs., and hence, it is submitted, arose the 
diversified results presented. Next compare two bars of Glasgow B. 
Best, 1222, which, at the grooved part, had 4 per cent, of the area 
crystalline, as at H; and 1231, which had 96 per cent as at S. In 
this instance the central portions broke differently — the one wholly 
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fibrous, as at G, the other 88 per cent crystalline, as at R ; but the 
cause is again evident &om the one being a much harder iron than the 
other, and consequently more liable to snap. Qovan hammered bar, 
1201, broke 78 per cent of the area crystalline at the grooved portion, 
but on repeating the experiment, it broke wholly fibrous, as at K, 
as it suddenly drew out on applying the last weight to the steelyard. 
Had this bar been slightly harder it would have broke alike crys- 
talline on both trials, and if, on the other hand, softer, both would 
have been fibroua Table P and Plate XY. contain other examples. 
In order to remove any suspicion that might arise as to the action 
of screwing having anything to do with the altered appearance of 
the fractures, Lowmoor bar, 1243, was grooved iu the middle space 
away from the screwed ends, and when broken showed 90 per cent 
crystalline. 

123. Secondly y — We will now proceed to adduce instances in 
which screwing the bolt, by exeiiing a hardening influence on 
the surface of the iron, and thus preventing it from stretching, 
caused it to break suddenly; and other instances will be brought 
forward where no such hardening had taken place, and conse- 
quently the screwed bars presented the same fibrous appearance as 
they did previously in the unscrewed bars. In the one series of bolts 
the screw dies employed were veiy blunt from long tise, and accord- 
ingly the formation of the thread was partly due to a cutting and partly 
to a squeezing action ; whereas in the other series, the dies, being new, 
cut out the thread sharply with comparatively little compression. 
"Lowmoor" unscrewed bars, 105 to 108, Table B, all present very 
fine fibrous fractures, whilst the bolts from the same bars which were 
screwed with the old dies, 1365 to 1370, Table Q, are all wholly 
crystalline, extremely fine; but those screwed with the new dies, 1373 
to 1380, yielded fractures nearly wholly fibroua Compare " Glasgow 
B. Best" unscrewed bars, 213 to 216, Table B, which are nearly wholly 
fibrous; whilst the bolts screwed with the old dies, viz., 1406 to 1420, 
Table Q, are generally nearly wholly crystalline, but not so fine as the 
Yorkshii-e quality; those screwed with the new dies, viz., 1421 to 
1426, are partly fibrous and partly crystalline. Rupture took place at 
the screwed part, in the one series suddenly, in the other more or less 
gradually, from the screwed pai*t stretching. In a series of bolts which 
were partly converted into steel in a case-hardening furnace, the 
previous fibrous appearance of the bars was changed into crystalline, 
and it is submitted the change was produced thus : — the interior por- 
tion remained iron, while the exterior was converted into steel much 
harder and less ductile than the other; the latter only stretched 
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slightlj, and on snapping, its share of the strain being suddenly added 
to that already borne by the soft portion, caused instant rupture. In 
proof of this, a few examples, 1051 to 1054 and 1061 to 1068, all broke 
with the central portion composed of brilliant crystals, varying much 
in size, with a clearly defined ring of fine granular steel outside, as 
represented at k, 1, m, Plate Y.; but in 1055, 1057, 1059, and 
1060, a portion of the interior broke fibrous, these bolts having con- 
tinued to elongate after the steeled portion had given way, as shown 
at 0. We will now see the effect peculiar treatment has on changing 
the appearance of iron plates. Six pieces were cut from a plate of 
''Blochaim Best,*' three lengthways and three crossways, and two of 
each were "cold rolled" by Mr. Lauth. 1137 and 1140 Table O, 
ordinary state, broke gradually, wholly fibrous; 1135 and 1138, 
"cold rolled,'* extremely hard, broke suddenly, — 1135, 54 per cent., 
and 1138, 80 per cent crystalline; 1136 and 1139, "cold rolled" and 
then annealed, were again soft, broke gradually, and wholly fibrous. 
A bar of the same kind of iron was similarly treated and tested; 
the "cold rolled" pieces, in this instance, were not so hard, and 
stretching a little before inipture, yielded a fibrous result. See Table 
N, 1081 to 1090. 

124. Thirdly y — Let us see the effect produced on bolts in every ' 
respect the same as formerly, and broken under the same kind of strain, 
namely, tension ; but instead of adding the weight slowly until ruptured, 
a certain per centage of the ascertained breaking weight was applied 
at onoe. (This operation will be described in Section XVII.) Com- 
pare four bars of "Glasgow B. Best:" 1530, Table T, broke instanta- 
neously with a load of 93*8 per cent, fracture wholly crystalline instead 
of only 5 per cent crystalline, as 213, Table B, off the same bar; 1531, 
broke suddenly with a load of 94-5 per cent, fracture 72 per cent, 
instead of 1 per cent crystalline, as in 216; 1543, broke with a load 
of 97 '8, fracture 22, instead of 2 per cent crystalline, as in 1094, Table 
N ; 1536, broke very gradually, with a load of 91 "2 per cent, fracture 
wholly fibrous, same as 1091. It is interesting to observe that the 
var^tions of the fractures, under suddenly applied strains, fully corro- 
borate the accuracy of the previous experiments under gradvaUy applied 
straina Thus these four bars were found to vary very considerably as 
r^ards softness. The first, with a breaking strain of 60,817 lb&, only 
contracted 32*7 per cent; the second, with 58,351 lbs., 41*4; the 
third, with 56,604 lbs., 424 ; and the fourth, with 55,717 lbs., 44-2 per 
cent Bagnall tt J B, 1545, with a load of 881 per cent, broke very 
suddenly afler stretching, fracture wholly crystalline, instead of 46 per 
cent, as in 703, Table B, off the same bar. Bradley tt S C, 1507, 
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with a load of 79-2 per oeDt., broke quickly, fracture 60 per cent 
crystalline, exactly corresponding with 147. Lowmoor, 1510, broke 
gradually, with a load of 94-4 per cent, fiacture wholly fibrous, 
like 106. Bradley ® charcoal iron, 1501, had a load of 108-6 pw 
cent, applied, with the view of breaking it instantaneously, if possible; 
but it drew out most beautifully, emitting at the same time a con- 
siderable d^ree of heat, and producing a very fine soft fibre, with, as 
in specimens 133 to 136, a somewhat peculiar fracture. 

125. It will be observed, as was indeed to be expected, that the 
more iron is worked and rolled the more ductile it becomes, and 
has consequently the less tendency to break suddenly with a dystal- 
line fracture. A few examples may be given from Table B. The 
fractures of 12 pieces puddled-iron rolled, or wrought-iron in its 
lowest grade, yielded a mean of 78 per cent, coarsely crystaUine; 
the remaining portion, in these pieces, was not fibrous, but consisted 
of dark-coloured flaws; Dundy van, common (8 pieces), 95 per cent 
ciystalline; Govan -X- (12 pieces), 32; Qovan B. Best (16 pieces), 22; 
Gbvan Extra R Best (24 pieces); and Qovan o (12 pieces), were 
wholly fibrous, the latter very fine, close, and uniform in texture. 

126. It has already been mentioned (58) that the outer portion or 
skin was somewhat harder than the inner; we will now find this 
further proved by comparing the fractures of the unturned specimou 
with those turned. Dundyvan, 1^ inch diameter, 98 per cent, of the 
area crystalline, whilst pieces of the same bars turned to 1 inch 
showed only 70 per cent. ; Bagnall tt J B, 1^ inch, showed 15, and 
turned to 1 inch, 11 per cent ; Glasgow B. Best, 1^ inch, showed 5, 
and turned to 1 inch, 8 per cent ; in this case the crystalline portion 
was in the centre of the bars, and consequently unaffected by the 
turning. 

127. The foregoing remarks and conclusions refer to experiments on 
rolled bar, plate, and angle-iron, and also on hammered bar-iron. A 
few observations will now be made on the fractures of those speci- 
mens cut out of the large forged crank-shafts, viz., 288-295, and 
783-796, Table B; 1096-1102, Table N; and 1546-1550, Table T. 
In some the appearance only varied slightly, in others considerably, 
and in a peculiarly marked manner in others. Both of these shafts 
were formed of " scrap slabs laid on in no regular way," writes the 
maker ; " and of course, being iron collected from so many places, would 
most likely be of many kinds," — which was found to be the cane, as 
shown in the singularly varied appearances, especially of 793 to 796. 
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Specimen 796 is a good illustration of the truth of Mr. Clay's remarks 
(66) against using in the same foiling iron of various qualities, 
requiring different degrees of heat, as one-half of that specimen is 
briUiantly crystalline, the other discoloured and burned. Specimen 
794, fig. d, Plate V., is a most beautiful example of three combina- 
tions in one piece, viz., very large crystals, a seam or weld, and small 
crystals, the last of the same class as met with in the other speci- 
mens, the first only found, and that in a less marked degree, in 793. 
These very large crystals seem to be those described by Mr. Clay 
(113) as being sometimes formed during the production of large 
forged masses. Specimen 795, fig. e, is wholly fibrous, of the same 
kind as partially found in some of the other shaft specimens, but dis- 
tinctly different firom that in the rolled bars, <fec. All these pieces 
were cut out and turned down, and truly represent the iron as it 
existed in the shafts. 

128. We now turn to Table N, also containing pieces, but subjected 
to various kinds of treatment to observe the effects: 1096-1098 were 
forged round from blodra If inch square, and reduced in the lathe 
from 1| to 1 inch : the result was greatly to increase their strength, and, 
as will be noticed in Section XIII., the fractures much more closely 
resembled those of rolled iron. One of these specimens, 1096, is repre- 
sented at i, Plate Y. Specimen 1100, from one shaft, and 1101, from 
the other, were cut out and turned down, then highly heated and sud- 
denly cooled in water; — observe the difference : 1 100 wholly ciystalline, 
generally large, as at g; 1101 nearly wholly fibrous, as at h; the 
former broke very suddenly with a low strain, the latter gradually 
with a high strain. The writer intended to have tried some additional 
experiments, but, unfortunately, the remaining pieces which he had set 
aside were accidentally taken away and used. 

129. Specimens 797-802, Table B, cut crossways off the end of two 
forged armour-plates, yielded fractures nearly wholly fibrous, of a 
laminated formation, as at f, and closely resembling some kinds of 
rolled platea • 

130. Reference will now be made to some of the statements and 
opinions entertained by others, as given in the extracts previously 
quoted Although " it was found that the strongest and most fibrous 
plate-iron when struck by shot" presented a crystalline appearance, it 
does not necessarily follow that it "was instantaneously crystallized," 
as stated (111) by Mr. Clay. The difference, according to the writer, 
was merely in appearance, not in i-eality, and was consequent on the 
plate being fractured so suddenly that no time was allowed for 

E 
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stretching, and hence it was impossible that the firactnre could be 
anything else bat crystalline. 

131. Because "railway axles," "chains," "chain-slings," "porter- 
bars," "arms of a fly-wheel," &c, broke, and the fractures showed a 
cr3r8talline instead of a fibrous appearance, many eminent persons came 
to the conclusion that the iron had actually undergone a mysterious 
change from the rough usage, &c, it had been subjected to. The 
causes were variously assigned to be "percussion," "concussion," "vi- 
bration," "jar," "jarring action," "tension," "bending," "deflection," 
"sudden cooling," "frost," "friction," "heat," "magnetism," Aa 
Some thought that one of these was sufficient, whilst others main- 
tained that two or three combined were necessary. Now, as all these 
breakages were sucUien, the fractures could not possibly have presented 
the fibrous appearance expected, the latter being produced, as the 
writer has endeavoured to show, by the tearing^ not snapping asunder, 
of the various particles. 

132. That some of the causes assigned for the change frx)m a fibrous 
to a crystalline condition should have operated prejudicially on 
the tenacity or cchedon of the iron, and so facilitated the rupture, is 
another and totally different question, which has been somewhat 
unaccoimtably mixed up with the former. With one or two exceptions 
this has been the case with all parties who have treated of the subject^ 
and hence, perhaps, much of the confusion perceptible in the opinions 
which they have expressed. Another source of confusion, in the 
writer's opinion, arises fit)m the terms employed by many when 
merely speaking of good and bad qualities, or of a high and low- 
priced iron — thus, "a fibrous iron," "a crystalline iron." Through- 
out the present paper it was thought preferable to describe them 
thus: a soffc as opposed to a hard iron, fine to coarse, ductile to 
brittle, as seemed most suitable to the particular case. The fractured 
appearance of the one quality is described either as finely fibrous or 
finely crystalline, or partly both: the other as coarsely fibrous or 
coarsely crystalline, or partly both. 

133. The writer is not aware that it has ever before been stated, as 
he has endeavoured to do distinctly, that it is not to any of those 
agencies named by others, but simply to tlie act ofhreaJcing, tha)) are 
due the different appearances presented to the eye in fractured iron, 
respectively called fibrous and crystalline, or, as it is termed by 
some, fibrous and granular, and again, as explained by another (103), 
"the passage of the iron fr^m a fibrous crystalline state" to "a 
granular crystalline state." Although Mr. Stephenson did not 
believe that any change could take place in the structure of iron. 
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as asserted bj others, yet he did not point out what was the cause of 
the apparent diversity. He showed, however (93), that what appeared 
to the naked eye fibrous was, under a powerful microscope, essentially 
a crystalline mass, and again, what appeared extremely crystalline had 
much the same appearance under the microscope as a fibrous surface 
to the naked eye; and therefore he could not "conceive a change 
going on in the structure of iron, as it would involve a change from one 
kind of crystalline structure to another, which was next to an impos- 
sibility." NeiUier has Mr, Roebling pointed out the cause. He refers 
X109) to the strength being destroyed, and thus ingeniously accounts 
for it : " Even the best fibrous wrought-iron, when exposed to long- 
continued vibration under tension, or to tension, bending, or twisting, 
must inevitably become brittle, because the iron threads and lamina 
become loosened in their cinder enveloj^es. But the cohesion between 
the iron and its cinder once destroyed, its strength is gone." 

134. The varied experiments by which the writer was led to the 
conclusions stated above, he trusts others, upon a careful examination, 
will consider satis&ctory and conclusive. Mr. M*Connell (90), when 
replying in support of his own conviction that a change did take place 
in railway axles from a fibrous to a crystalline structure, " observed 
that in this, as in some other matters of controversy, it is most diffi- 
cult to produce full and conclusive proof that iron which is pro- 
duced of a crystalline character was once fibrous, as we cannot by any*; 
experiment show the change visibly taking place," &a Some objected 
to the evidence produced in the form of broken railway axles with a 
crystalline fractui-e, on the ground that there was no proof they had 
originaUj^ been fibrous; and others went still farther, by stating that 
they did not believe that any axle which, when broken, proved to be 
crystcJline, had ever been fibrous in its character. Although fully 
satisfied himself, from his other experiments, the writer thought it 
extremely desirable to present in the same specimen the two kinds of 
fracture^ so widely diflferent in appearance, in order completely to 
remove any doubt as to identity that might exist in the minds of any. 
Hence one of his reasons for making the experiments on the effects of 
altering the specimenVj^ahape, which have already been referred to 
under No. 122 of this section. 

135. It has already been remarked (127) that the appearance of the 
crank-shaft specimens varied very singidarly, and that they were dis- 
tinctly different from any of the rolled bars. It occurred to the writer 
that much additional information as to this and other differences 
would be gained by immersing a few pieces of the various classes in 
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dilute hydrochloric acid, which, acting on the surrounding impurities, 
would expose to view the metallic portion alone for examination. To 
the beautiful specimens thus obtained he now solicits attention, and 
craves indulgence whilst attempting to describe some of the most 
marked features presented. The effect produced by repeated rolling 
is at once apparent when we compare a highly worked or snperior 
quality with a slightly worked or inferior. In the former the appear 
ance presented by the bar is that of very fine and straight long hain or 
threads lying closely together, as shown in fig. 1, Plate XVE ;~^in tiie 
latter, to some extent, there is the same thread-like appearance, but 
indistinct and wavy, very irr^ular in size, in some parts lying dose, 
in others far apart, as in fig. 2. Puddled-iron rolled, or wrought- 
iron in its lowest state, presents more a woolly than a thread-like 
appearance, as in fig. 3 ; the latter development seems as if com- 
mencing to be formed by the first rolling, the former, or woolly 
resemblance, to be due to the puddling process. Swedish tilted ban, 
264 and 267, present even to the naked eye a beautiful silveiy 
variegated appearance; also Russian bar, 272; the latter dense and 
very fine. Qovan hammered bar, 1119, has the same maiked, fine, 
thread-like appearance, but the threads are not so straight and 
equal as in the first referred to. Crank-shaft, 793, 794, 1549, 
are extremely varied, and have a wood-like appearance, as in fig. 5, 
some portions dense, others porous, with here and there a silvery- 
looking vein, distinctly different from the other portions; in some 
places the fibres or threads are seen sideways, in others endwaya 
Armour-plate 798 is like the last, but rather more porous, as shown 
in fig. 4. 

136. It seems surprising to the writer that such a simple mode as 
that just described, of examining the texture of iron, had not occurred 
to any of those individuals who have expressed their opinions for and 
against the supposed change from a fibrous to a crystalline stmeture 
during the time of its being in use, as he believes it would have 
tended to the settlement of the question long ere now. Perhaps it 
may be asked, Why such a difference, even in appearance, if no actual 
change in the structure ? The writer replies simply thus, — In the 
case of the fibrous fracture the threads are drawn out, and are viewed 
extemcMy; in the case of the crystalline fracture the threads in 
clusters are snapped across, and are viewed irUemaUy or aecUonaUy.* 

* After the foregoing was in type there appeared in 77<« Practical MechaMa Jomnttd 
(January, 1862) an article entitled *^ The Annealing Temperaturee of Metals, and Crys- 
tallization produced by Vibration.*' The remarks in that issue were oonflned to the fint 
clause of the title, and conclude thus: ** At the oonimeDoement of this paper we pot in 
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XL Appearance op Fracture— Steel. 

137. As nothing, or extremely little, has been written regarding 
the appearances of fractured steel, the following remarks will be 
confined to those obtained in course of the present experiments, and 
recorded in Tables A, C, N, O. They are classified under the follow- 
ing heads, viz. : — 

1. Granular. 

2. Granular and cr3rstalline. 

3. Crystalline and fibrous. 

4. Granular and fibroua 

5. Fibrous. 

138. These several kinds are represented in Plate II. — Bars : granu- 
lar, A, B, C; granular and crystalline, D; crystalline and fibrous, E; 
granular and fibrous, F, Q ; fibrous (silky), H, I ; specimens A and I 
are respectively the hardest and softest. In Plate UL — Plates: 
granular, A, B, C; granular and fibrous, D; fibrous (silky), E, F, G, H; 

words aoothflr class of molecular cfainges, in virtoe of which tyres, axles, cannon, and all 
things ftmned of metal are presomed, in course of wear and use, to become deteriorated, 
weakened, or destroyed, namdy, crystallisation prodaced by vibration. We shall 
ic e ei v e the consideration of this, however, to a separate article In a fatore number. The 
subject is one of such great practical importance, it is one so little understood, it appears 
so m-digested on the part of even some of our leading practical experimentalists on iron, 
and engineers, and is withal so frequently the subject-matter of ignorant or half-informed 
remarks In onr mechanical joomala, and on the part of theur correspondents, that we 
shall best devote to it a separate artkde." In the oontinuatkm of the article in the issue 
of the ensufaig month, allusion is made to the prevailing opinions on the suttject of crys- 
unizatkm of metals produced by vibration. The following is an extract:—" We used 
advisedly these words at the head of this article, although essentially untrue to nature 
and fiMt They are the common * cant phrase,' we may call it, by which ill-informed 
men have, for more than twenty years, cloaked their ignorance when called upon to 
discnas or ezpUfai what has taken place when metals have been broken or torn asunder; 
and by which coroners and juries have been mystified, in cases of loss of life and Hmb by 
broken tyres and axles, by a certahi dass of men delightfaig to call themselves' i 
* practical,' as though it were not a fiKst that (As tml^ trvly pradioal mon it he who it 
accmrtdt imd weU mformed «• thwreiieal knowledge. In this special sut^ject, ignorance^ 
Gonftised and inadequate notions of the molecular constitutkm of metals in general, and 
of the dianges therein, real or supposed, which happen when they are submitted to 
strains, steady or variable, or to fracture, is, unhappily, not confined to any dass of 
engineers. Almost every man in the profession who has opened his lips, or put pen to 
paper on the satjeet, has shown how unlbrmed and inexact his notions have been." The 
article doees thus: " We have cleared the foundation, and hope to place the edifice of 
the Just philosophy of the sulject befbre our readers in our next" The discussion of the 
sntsfeet hss not been resumed in any subsequent Issues of the above journal up to the thne 
of the pnseot portion of this paper going to press. IFor continuation tee Appendix J.] 
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fibrous (laminated), I, J« K, L Specimen A is the hardest, and speci- 
men H the softest of the cast-steel rolled plates; whilst spedmens I to 
L are puddled or wrought-steel rolled plates. 

139. The conclusions respecting wrought-iron are equally appropriate 
to steel, viz., — ^Whenever rupture occurs dowly, a silky fibroufly and 
when svddenlyy a granular appearance are invariably the result; botii 
kinds varying in fineness according to quality. The surface in the 
latter case is even, and always at right angles with the length ; in the 
former, angular and irregular in outline. 

140. The colour is a light pearl grey, slightly vaiying in shade with 
the quality; the granular fractures are almost entirely free of lustre, 
and consequently totally unlike the brilliant crystalline appearance of 
wrought-iron. In order to have specimens with the two combined, 
for sake of comparison, a number of iron bolts were submitted to the 
steeling process in a case-hardening furnace, different quaUtiee of inm 
being used, and several most beautiful fractures were thus obtained. 
Some of these are given in Plate Y. — ^figs. k, 1, m, n, 0. The finely 
granulated ring outside being steel, is nearly firee of lustre, whilst the 
central portion remaining iron, is composed of bidlliant crystals. The 
breadth of ring varies with the quality of iron, being scarcely per- 
ceptible in the common quality, but broad and distinctly defined in 
the Staffordshire charcoal and Yorkshire bars. These case-hardened 
bolts were referred to in the forgoing Section (123), and will also 
be in Section XIII. 

141. Some examples were adduced to prove that by varying the 
treatment the same bar of iron may present two very different aspects; 
so also with steeL Homogeneous rivet metal. Table N> 1041, highly 
heated and cooled slowly, very soft, drew out and was wholly fibrous; 
1038, medium heated and cooled in oil, was 30 per cent granular ; 1037, 
highly heated and cooled in oil, 95 per cent.; 1042, highly heated and 
cooled in water, hard, snapped, and was wholly granular. Moss and 
Ckunbles* rivet steel, 1034, soffc, wholly fibrous; 1033, hardened in oil, 
82 per cent, granular, 18 per cent, fibrous; 1030, soft, one-half granu- 
lar, the other fibrous; 1029, hard, wholly granular. Table 0> Homo- 
geneous metal, 1160, 1162, 1164, soft, wholly fibrous; 1159, 1161, 
1163, hardened in oil, respectively, 95, 98, 95, per cent, granular. 

XII. Rate of Elongation under Increasino Strain& 

142. In Tables A to E are stated the extreme elongation of each 
specimen, the original length of the part stretched, and the amount 
per cent, of elongation. It was considered, however, of importance to 
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ascertain, not only the total extension, but also the amount of strain 
required to produce a perceptible difference in the specimen's length, 
and the rate of increase, as the subsequent weights were applied. 
A very accurate quarter-of-an-inch ivoiy scale, divided decimally 
throaghout its length, was used for reading off the measurements; and 
as it would have been dangerous to apply the scale directly to the 
specimen when under severe strain, a laige pair of compasses was 
employed to take the distance between the marks, previously made 
with a centre-punch. As an example of the mode of noting these 
observations, take Lowmoor square bar (103, Table B). Area 
(original) 1O403 sq. in.; original length of part stretched, 30*4; in- 
crease, 7*20 = 23'7 per cent of the original length. 

Wkiobts on Stbbltard. 

Nsraber, 14 16 18 i0»M13«37 28S8 S88839 29@6611ml 

9 4 6 6 fi@281ba 
9 4@HllM. 
l@ 71ba 
Length, aS-79 88-88 84-00 84'94 84*57 85t)0 85M 86-06 86*40 8676 87^ 87*60 8810 89D0 Brokei 
Increan, fHa 11 -SS -69 -88 1-98 1*78 9*88 9-68 8-03 8*48 888 4-88 6-38 7^ 

143. One specimen in each lot, and the third in the order of testing, 
was noted; consequently it sometimes happened to be the best, and 
sometimes the worst, in the set The relative quality of the specimen 
can readily be ascertained by referring to the other table, as its index 
number is given for that purpose. In proof that the little additional 
time required in testing these had no injurious effect in lessening the 
amount of breaking strain, as seemed to be imagined by some, it will 
be found, on going over the 81 bar specimens in table B, whose rate of 
elongation was observed, that 24 bore the first or highest strain, 21 
the second, 20 the third, and 16 the fourth or lowest 

144. These observations are contained in Table L, the specimens 
being classified and arranged nearly in the order of their respective 
areas. As the areas varied, and also the lengths, it was necessary for 
comparison to reduce the progressive strains of this table into lbs. per 
square inch, and also to convert the observed extensions into deci- 
mals of the length. This involved a considerable amount of tedious 
calculation, which was greatly increased by the steelyard and weights 
not being decimally proportioned, which of course they would have 
been if made expressly for testing. 

145. The results of these calculations are given in Table M, con- 
taining a selection from the various classea It will be observed, on 
examining the contents of columns 4 to 24, that the rate as well as 
the ultimate elongation, column 25, varies not only extremely in 
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different qualities, but also oonaiderably in specimens of tlie 
brand. The following examples show some of these varifttioDB : — 

Swedish, BF, ^ Na584 90,000-0300 40,0001)706 00,000 60,000 

SwedJdi, X, OS „ tOOO „ "OMO „ 1670 „ 

Bnuller, CP 697 „ D066 „ -0600 „ -0698 „ 

BnuUej, B B, Sen^ 617 „ -OOOi „ -OUS „ -0650 „ 

Lowmoor, 604 „ IXttO „ -OlSO „ tMOO „ 1410 

Ftrnlej, 608 „ -0046 „ HOIO „ -06B0 ,. -1490 

Goran, 0» 611 „ -0017 „ "0160 „ -0690 „ 

UlTerrton, 618 „ "0088 „ -0170 „ -0690 „ 

UlTtnton, 686 „ D189 » "0604 „ „ 

BnuUe7,aSG; 606 h -0040 „ -0300 „ -0690 „ '1790 

Goran.*, 606 „ 1)000 „ -0076 „ IMOO „ '1076 

HtMiaD,CCM), 636 „ •0044 „ -OlAO „ -0876 „ 

Crank-Shan, 686 „ D170 „ -0890 „ „ 

Crank-shaft, 687 „ -0280 „ 1070 „ „ 

146. The varied character of the results in Table M are seen at a 
glance in Plates XI., XIL, XIIL, containing a series of curves con- 
structed bj using as ordinates the numerical contents of columns 4 
to 25. It will be observed that in Plate XIL, crank-shaft specimen 
537, the elongation began to be perceptible at 22,000 Iba, and broke at 
43,420 ; whereas Bowling 550, foiged, highly heated, and cooled in 
water, only began perceptibly to stretch at 43,000, and broke at 
76,839. 

147. In order to ascertain if the bolts stretched equally througfaoat 
their length, several had the distance between the centre points 
divided into half-inch spaces, as shown on the dotM lines in Plate 
XIY. With a few exceptions the increase was found uniform 
throughout the length, until veiy close upon rupture, when they 
more or less suddenly drew out at one part, as in figs. 1, 3, 4; in some 
instances at two, as in fig. 2 ; and in a few exceptional cases at three 
different places. In this plate the broken bars are shown in outline 
with the stretched spaces marked on the central JuU lines, and the 
original spaces on the dotted ones, so that they may be compared. 

148. Not only was the lateral contraction at the fracture found to. 
vaiy extremely, as already noticed in Section YIII, but was also 
more abrupt in some, as in figs. 1 and 3, more gradual in others, as 
in fig. 4. This latter peculiarity is also shown by the outline of 
the specimens in Plates IL and XY., and beautifully illustrated by 
variations in the elongation curves, Plate XII., as, for example, from 
a to b in 527, 549, 550. 

149. A number of the plate specimens were polished on one side, 
and a series of circles drawn, which were converted more or less into 
ellipses on being tested, as shown in fig. 5, Plate XIY. 

150. These plates and table show comparatively the marked changes 
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in extension exhibited in mauy different qnalities; but of courtie the 
pieces were too short to observe the minute vaiiations under strains : 
[ess than from 26,000 to 30,000 lbs. per square inch. It is, however, ■ 
tioped these illustrations will be acceptable bj supplying an existing 
leficiency in the former respect, and the latter will so far be made up 
bj referring to previous experiments by others, which are only 
ieficient in being too few. 

151. Professor Barlow states that the mean extension per ton per 
square inch in seven experiments on iron bars varied from '0001082 
bo -0000841; the gross mean -0000956. The strain, which was just 
sufficient to balance the elasticity of the bar, was found to vary from 
1 1 to 8;J tons. He remarks, — " We may consider, therefore, that the 
elastic power of good medium iron is equal to about ten tons per inch, 
and that this force varies from ten to eight tons in indifferent and 
bad iron It appears also (considering -000095 as representing in 
round numbers t^.^i^q) that a bar of iron is extended one ten- 
thousandth part of its length by every ton of direct strain per square 
inch of section; and consequently that its elasticity will be fully 
excited when stretched to the amount of one-thousandth part of its 
length." 

152. The late Mr. Hodgkinson made experiments on hoo rods 50 

feet long, one '517 inch diameter, the other *7517 inch, and found ^^^ ^ 
the mean extension per ton per inch was in the first -0000804, in the " '> 
second 0000809, and the rate of extension was remarkably imifonn /./ 

up to 15 or 16 tons. ^ 

153. Mr. Edwin Clark gives the result of one experiment on "a new '\- jfjr. 
WTOught-iron bar, 10 feet long and 1 inch square," in the following 
table. He writes, — ^'The extension of this material is remarkably 
uniform up to 15 or 16 tons on the square inch, in proportion to the 
weight; that is, with 8 or 10 tons the extension is eight or ten times 

as great as with a single ton. We have the following experimental 
results in breaking a new wrought-iron bar, 10 feet long and 1 inch 
square, by a suspended weight increased ton by ton, the bar and 
weights being reduced, to preserve the uniformity of the table. It will 
be observed, on comparing columns 2 and 3, that up to 12 tons 
the observed and calculated extensions are almost identical, by assum- 
ing the extension to be ii>q.%o?t^^ ^^ ^^® length per ton per square 
inch. But beyond this strain the observed extension rapidly exceeds 
this uniform rate.** 
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154. " We may generally assume the ultimate tensile strength of 
wrought-iron bars at 24, and of wrought-iron plates at 20 tons per 
square inch, and its ultimate useful strength at 12 tons per square inch ; 
and within this latter limit its extension may be taken at nmSnro^B ^^ 
the length per ton per square inch of section, and its permanent set 
may be obtained from the table given. Thus, the first extension of 
the chain used for raising the tubes was '7968 inch, and the per- 
manent set '008 inch; but having once used them with this strain, 
and this permanent set being obtained, on employing them again 
under the same strain, the extension will only be -7968 inch — *008 
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inch, or -789 inch, and the permanent set will be no further increased. 
Metal, however, requires a very considerable time to adapt itself to 
additional strain, or to return again to the diminished length at 
which it will remain constant after strain, analogous to the length o{' 
time foimd requisite, with astronomical instruments, to allow them 
to adapt themselves to great change of temperature before they will ; 
remain in adjustment These same laws are applicable both to the 
compression and the extension of wrought-iron." 

155. These ten are the only experiments the writer has met with on 
the rate of extension; he will now refer to those on tUtimate extension. 
The results of Mr. Lloyd's experiments on If inch bars of S tt iron, 
Iflt, To ascertain the effects of four successive breakages, and 2d, 
" Whether a shorter bar is stronger than a longer one of the same 
kind and size," are given by Dr. Fairbaim in the two following 
tables, which have been already referred to in Section VIII. 



DlaMngnUh. 
lug mark. 


First breakage. 


Second breakage. 


Third breakage. 


Fourth breakage. 
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156. " It is important to observe that the elongations are not in 

proportion to the forces of extension ; thus, in bar F, the elongation 

of a bar 54 inches long, with 33-25 tons, is 10*5 inches, giving an 

10-5 
elongation per unit of weight and length = ooTs^ — kT = "0058; 

whereas an additional weight of 2-25 tons produces an elongation 

of 1*25 inches in 36 inches of length of bar, giving an elongation per 

1*25 
unit of length and weight = ^^ — ^^ = -0154 ; that is, the elongation 

in this case is about three times that in the former. 
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157. '* From the experiment on rivet-iron we have a mean elonga- 
tion, in fourteen experiments, of '643 inches in 2^ inches^ or 

-^-g = -257 per unit of length; and in those on S C fl^ bars, we 

have a mean elongation of '274, as given in the following table : — 
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158. " Hence it appears that the elongation of bars of wronght-iron 

increases with the decrease of their length; thus, while a bar of 120 

inches has an elongation of -216 inch per unit of its length, a bar of 

10 inches has an elongation of -42 inch per imit of its length, or nearly 

double what it is in the former case. The relation between the length 

of bar and its maximum elongation per unit may be approximately 

expressed by the following formula, viz. : — 

^ 25 

i Z=-18+4^, 
I Li 

where L represents the length of the bar, and I the elongation per 

unit of length of the bar.'* 

159. It will be noticed that Dr. Fairbaim offers no explanation. 
The writer, however, hopes to show the reason why the ratio of 
vltimMUe elongation may, in some kinds of iron, be greater in short 
than in long bars. This will best be done by referring to the elonga- 
tion curves; thus, the ultimate extension of 549, Plate XII., is -2013 
of the length, but of this, the distance from b to C, or -0633, equal to 
31-4 per cent, of the whole, is entirely due to fracture, the remainder, 
-1380, it is submitted, will be constant whatever may be the length, 
provided it be of uniform quality throughout. The total elongation in 
550 is '2000; distance b-C, -0705 = 38-2; remainder, 1235 constant: 
also in 527, total, '2900 ; distance b— C, 1290 =: 44*5 per cent; remain- 
der, -1610 constant, irrespective of length. These three drew out 
respectively 31-4, 38-2, 44*5 per cent, suddenly before rupture. Next 
will be given other three where no such drawing-out took place, viz., 
514, 525, 531 ; and consequently the ratio of their ultimate elongation 
would be unaffected by difference in their lengths. The other Plates, 
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XL, XIIL, ^80 contain several examples of both kinds, which may 
be examined, but which it will not be necessary to refer to here. 

160. The writer will next endeavour to show that Dr. Fairbaim and 
others have overlooked a second important element as affecting the 
extension, namely, the area of the specimens. How can the quality be 
ascertained by comparing the extension, if the respective areas are not 
also stated? For it surely could not be expected that two bars, 
although of precisely the same quality and length, would elongate ! 
equally if their diameters were, say, 2 inches and \ inch. It was 
difficult experimentally to ascertain the exact ratio of the difference 
due to size alone, as the actual quality in some lots varied very con- 
siderably, although all of the same brand, which the following examples 
from Table B will show: — The mean ultimate elongations will be found 
in column 21, but for the pi'esent purpose they are expressed in units 
instead of per centages of the length. Glasgow B. Best, 1^ inch, 
•203; 1, -232; J, -237; |, -200. Govan * , 1 J inch, -167; 1, 164; |, -158; 
f, -ISa Govan B. Best, \\ inch, -170; 1, -191; |, -200; f, -173 and 
•169. Govan Ex. B. Best, 1 J inch, -238; 1, -223; |, -192; f , -176 and 
•173. Govan o, U inch, -248; 1, '252; f , ^214. In order to avoid 
these discrepancies occasioned by variations in the quality, and also 
by differences in the length, a bar of Govan o 1 J inch diameter was 
cut into five pieces, of which four were re-heated and reduced in the roll- 
ing-mill to 1^, 1, 1, ^ inch, and then cut to equal lengths. The results 
obtained are given in Table N, 1113-1116; 1^ inch, -283; 1, -267; |, 
•252; j, '238. The corresponding breaking strains were 56,869, 
57,379, 58,190, 59,708, showing, on the one hand, an increase in i \ 
strength due to additional rolling; on the other, a decrease in the 
ratio of extension due to reduction in diameter. This decrease would ' 
evidently have been greater had the strength remained uniform. The 
strength increased 0-9 per cent, in rolling down from 1^ to 1 inch, 
2*3 fix>m 1^ to f, 5'9 from 1^ to | inch; and the ratio of extension 
decreased 5*7 per cent in comparing 1^ with 1 inch ; 10-9, \\ with |; 
15*9, 1^ with \ incL The r<Ue of extension in these four bar» are 
given in Table M, 542-545; and on referring to Plate XII. it will be 
found that the curves of l^ and ^ inch bars, or 542 and 545, very 
nearly correspond. 

Xni. Inpluencb op. Various Kinds op Tbeatmemt. 

161. The peculiar and invaluable property possessed by steel, of be- 
coming extremely hard after being heated and plunged into cold 
water, and its capability of being softened down by ^^ tempering'* 
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to the required degree of hardness, seemed for several reasons to 
be worthy of investigation, to ascertain the influence this harden- 
ing had as affecting the strength of steeL Tables N and O contam 
the results of experiments on bars and plates. For the first trial, 
six pieces were taken from one bar of ^'chisel cast-steel,'' and 
forged into shape. 1006, Table N, was heated and allowed to 
cool slowly; 1002, heated and plunged into cold water: 1003, 
same as the last, but tempered to yellow shade by slightly heating; 
1005, same aa before, but tempered to blue shade ; 1004, also heated, 
cooled as before, and brought to " spring temper" with tallow; 1001, 
heated and plunged into oil, instead of water. Now, observe the 
varied results: — 1006, soft, bore 121,716 lbs. per square inch; 1002, 
cooled in tocUery extremely hard, only 90,049 lbs.; 1001, cooled in 
oU, and hard, actually bore 215,400 lbs., or 96| tons per square 
inch, showing a gain in strength of 77 per cent. ; whilst 1002 shows 
a loss of 26 per cent, 1001 being 2fths stronger than 1002. The 
other bolts, 1003, 1004, 1005, also show a loss in strength, respectively, 
of 17*0, 13*8, and 8 per cent This singular effect of hardening in 
oil was fully corroborated by subsequent tests, shown in the tabla 
Various qualities of steel were taken, and the degree to which they 
were heated before immersion was varied, to observe the difference. 
The following is the per centage of increase in strength, b^inning 
with the hard steels highly heated, and ending with the soft steels 
slightlyheated:— 790, 77-6, 71-4, 70-9, 651, 641, 58-5, 570, 55-2, 
53-2, 44-8, 40-7, 29-5, 242, 15-6, 11-8. In a few instances coal-tar 
was tried, and in some tallow; but the results, although good, were 
inferior to those with oil, which was of the coarsest and cheapest 
description. Rivet-steel, heated, and cooled in water, shows a loss 
in 1035 of 24*4, and in 1042, a loss of 18*5 per cent., confirming the 
accuracy of the former experiment Of course the writer was 
fully aware that oil had previously been used for hardening sundry 
thin articles; it was not, however, to increase their strength, but 
because they were distorted by immersion in water. 

162. Steel plates were next tried, and are fully detailed in Table 
O. Eleven pieces were heated to various degrees, and hardened in 
oil : they show the following per centages of gain, viz. : — 56*4, 48*2, 
43-7, 42-8, 40-6, 401, 381, 34-4, 30 0, 24-2, 12-8; and it may be 
remarked that some of these did not break at the small hardened 
pai-t, but across the soft and broad part of the plate, as attested by 
the specimens exhibited. Several of these pieces, when under heavy 
strains, were repeatedly struck with a rivet hammer, causing the whole 
to vibrate, which proved that they were not only hardened, but 
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toughened by the treatment; and still further to test this important 
point, the strain in two instances was temporarily removed, by raising 
the weights. The plates were thus bent in the middle, but sprung 
back on being allowed to do so. 

163. A few experiments followed on rivetted joints. Eight of the 
plates were in the usual soft state, and six hardened. The pieces 
were all cut from one plate '190 inch thick, and rivet steel, by 
the same maker, was used. The soft plates, with rivets '56 inch in 
diameter, broke across at the rivet holes in two instances, with a loss 
compared with the solid plate, of 45*6 and 43*5 per cent; whilst the 
hardened plate, with rivets '68 inch in diameter, and with a load only 
15*9 per cent, less than that borne by the soft whole plate, had one of the 
rivets cut through the middle — the comer of one plate breaking off left 
the other rivet in the remaining whole piece. Five of these experiments, 
with rivets *43 inch in diameter, were comparatively lost, from the rivets 
being too small, although larger than those used for iron plates of 
the same thickness. These are to be considered as mere preliminaiy 
experiments, and are only given as such. They are, however, suffi- 
cient to show that the hot rivets do not reduce the strength, by 
affecting the hardness of the plate, which was all they were expected 
to prove. It will thus be observed that plates hardened in oil, and 
joined together with rivets, are fiilly equal in strength to an unjointed 
soft plate ; or, in other words, the loss of strength by ri vetting is more 
than counterbalanced by the increase in strength by hardening the 
plates in oiL Although scarcely in place here, it may not be con- 
sidered unimportant to state the amount of strain required to shear 
or cut through the rivets, compai-ed with that required to pull the 
bar asunder in the direction of its length. The breaking weight of 
the bar of rivet steel employed was 86,450 lbs. per square inch of area, 
and the mean strain required to shear the rivets was 63,796 lbs. per 
square inch, or 26 '2 per cent, less than that needed to pull the bar 
asunder. This was the mean of the seventeen rivets sheared; the 
highest sustained a strain of 66,207 lbs.; the lowest, of 61,744 lbs. 

164. Table N, 1051-1080, are a series of iron bolts, " case-hardened, 
which will only be briefly noticed here, as they were prepared princi- 
pally for their firactures, as mentioned (123, 140), Sections X., XL It 
may, perhaps, excite surprise that they should have broken with a 
less strain than formerly, when wholly iron ; but the writer thinks he 
has satis&ctorily accounted for that difference also in the manner 
already described (123); the superior tenacity of the small proportion 
of steel being more than counterbalanced by the gi-eater ductility in 
the remaining portion of iron. Four of these bolts were heated and 
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cooled in oil, and the four corresponding ones in water ; the former 
were considerably the strongest Reference letters in description 
column mark those in the case-hardening furnace for the same length 
of time, which varied from 14 to 116 hours; but as the heat also 
varied, no exact comparison can be made. 

165. The following remarks refer to the effects produced, as regards 
the breaking weight and contraction of area, by subjecting iron to 
various kinds of treatment : — Bowling 1045-1050, Table N, were foiged 
down off the same bar as 1 27, Table B ; 1045, highly heated, and sud- 
denly cooled in water, bore 76,839 lbs., and only contracted 34-5 per 
cent, instead of 51*0, with 60*817, as previously, when merely turned 
down, proving that the iron was made much harder by the treatment 
1047, similarly treated, but not so hard, contracted 44*7 with 71,538; 
1046 broke with 71,963 on account of a rent or flaw in the specimen, 
as indicated by r, in column 12. 1048, cooled in oil, contracted 25*7 
with 65,934; 1049, 41-6 with 63,341 ; 1050, cooled in tar, 40-5 with 
62,864. 1045 bore 76,839, or nearly the highest strain obtained fix>m any 
piece of iron during the experiments, and was referred to (146) under 
"elongation" in preceding Section. We will next refer to specimen 
1100, which bore ^e lowest strain, viz., 28,578; it was cut crossways 
out of crank-shafb A^ was highly heated, and quickly cooled in water 
like the last, but it snapped very suddenly, with a peculiar creaking 
noise, quite different from any of the others; 1101, with the same 
treatment as 1100, but cut lengthways out of crank-shafb B, bore 
53,331, or nearly twice the strain of 1100, and equal to 20*3 per cent 
more than that borne by the piece next to it in the shaft, but which 
was turned down and tested without having been heated. This addi- 
tional strain, however, is due to increased hardness, for the contraction 
of area was only 190 with 53,331, instead of 24-3 with 44,311. The 
hardening effect produced by cooling in water is likewise shown in bolts 
cut out of armour-plate; 1103 contracted 40 per cent with 36,682, 
and 1104, 40 with 36,147, instead of 5-9 with 34,614, as stated in 
Table B. 

166. In order to ascertain how much the iron, as it existed in the 
crank-shafb, would be improved with additional hammering out, three 
blocks, If inch square, were forged down to IJ diameter, and then 
turned to 1 inch; results as foUows:— 58,518, 50,906, 49,908, con- 
tracting respectively, 17*2, 7 '9, 9-8 per cent ; corresponding two 
pieces merely turned down (294, 295, Table B), 44,578, contraction 
12-5. Reference to the foregoing bolts have already been made (128) 
under "appearance of firacture," Section X. 

167. Table N also contains five bolts, whose collars having fiiiled at 
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the first trial, were replaced, and again tested ; the strain at which they 
broke was, with one exception, less than that previously borne without 
rupture. It will, however, be observed that the limit of the siWKsimen's 
tenacity was nearly reached at the first trial, and the effect of subse- 
quent re-heating was greatly to soften the iron, as proved by the 
contraction of area. Thus, Govan R Best was 46-4 with 57,635, 
instead of 28*9 with 62,849, the mean of 4 bars, same brand and size ; 
Lowmoor, 551 with 59,320, and 560 with 57,381, instead of 531 
with 61,798; Famley, 55-1 with 57,502, and 62'S with 46,842, 
instead of 50*6 with 62,886. 

168. Some experiments were tried to determine the effects produced 
by subjecting iron, rolled in the ordinary manner, to the additional 
process of "cold-rolling;" and to the results, as regards the strength 
and contraction of area, attention is now directed, reference having 
previously been made in Section X. (123) to the altered appearance of 
the fractures. Table O contains the experiments on " Blochaim 
Best" boiler-plate; lengthways, "cold-rolled" contracted 2-5 per 
cent, with 88,993 lbs. breaking strain; cold-rolled and afterwards 
annealed, 13*6 with 50,960; in the ordinary condition, 143 with 
45,812: crossways, in the same order, 00 with 80,643, 7*2 with 
48,674, and 7*7 with 43,020. These " cold-rolled " pieces were ex- 
tremely hard, as shown by the above figures, and by the strips splitting 
when being cut off at the shearing-machine, also by the broken pieces 
punched out for rivet holes. Table N, 1081-1090, comprises the 
experiments on "Blochaim Best" bar; 7 pieces " cold-rolled " varied 
fi-om 26-8 with 78,466 to 393 with 68,718, mean 36-3 with 74,948; 
2 pieces cold-rolled and then annealed, 45*2 with 62,285, and 
47-6 with 56,477; 1 piece in usual state, 431 with 60,637. The 
shackles shown at fig. 6, Plate I., wei-e used with conical steel wedges 
to grasp these specimens, instead of forming heads in the usual way, 
as of course they could not be heated for that purpose. It will be 
noticed that the greatly increased strain borne by the pieces after 
being cold-rolled by Mr. Lauth's patent process, was consequent on 
the iron becoming very much hardened by the treatment. In a printed 
report by Dr. Fairbaim, the results of three experiments by him are 
given, viz. : — black bar from the rolls, 58,628 lbs. per square inch ; 
bar turned down to one inch diameter, 60,746 ; bar i-olled cold to one 
inch diameter, 88,230. The elongation in ten inches being, respec- 
tively, 2-00 inches, 2-20, and 0-79. " The first bar was broken in the 
condition in which it came from the iron manufacturer; the second 
was a similar bar turned in the lathe ; and the third had been sub- 
jected to Mr. Lauth's process of cold-rolling. It is obvious that the 
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effect of the oonsolidation in the last case was to increase the strength 
of the bar in the ratio of 10 to 15." Dr. Fairbaim does not attribatt 
the difference to the iron becoming hardened, as stated above^ but 
to the ^^ consolidation of the metal" That, however, cannot be the 
cause, as the iron is not consolidated by the process, as might seem 
to be the case fix>m the smooth and greatly improved appearance of tiie 
sur&ce, but, in reality, quite the reverse, as will be proved in tlie 
remarks under "specific gravities,*' Section XVIII. Subsequent 
experiments by Mr. J. Daglish on the strength of iron wire (which in 
its manufacture undergoes a somewhat similar operation as that of 
cold-rolling) confirms the accuracy of the writer's experiments given 
above. He found that whilst wire (No. 11 wire-gauge) held 914 lb& 
when in its ordinary state, it only held 508 lbs. after being heated to 
[ redness and cooled. Beference will again be made to these expm- 
ments in Section XVIIL 

169. Nos. 1117-1120 in Table N have been already noticed in 
Section VIII. (69); 1094, 1095 will be remarked on under "welded 
joints," Section XVI.; and 1091-1093 under "suddenly applied 
stiuins," Section XVII. The results of some experiments to ascertain 
the effects of the process of galvanizing or tinning on iron plates are 
given in Table O, Nos. 1121-1134, from which it will be observed 
that no effects were produced on plates of the thickness experimented 
on. The consequences, however, might have been different had the 
plates been extremely thin. 

•XIV. Effects of Axterino Shape op Specimens. 

170. The experiments under this section have already been referred 
to and described in remarks on the appearances of fractured iron, 
Section X. (122), and illustrated in Plate XV. Having been made, 
however, for a twofold purpose, attention is now solicited to Table P, 
which contains the breaking strain and corresponding contraction of 
the area of the same bars under three conditions, viz., A, after being 
grooved ; B^ after being reduced to the same diameter as the grooved 
part; C, original rough bar. The breaking strain per square inch is 
given in column 5, and the per centage of difference between original 
and fractured areas in column 12. In this table the highest breaking 
strain was borne by Govan hammered bar, viz., A, 98,737; By 71,741; 
C, 71,798. The lowest was Port-Dundas Ex. B. Best, viz.. Ay 60,622; 
By 49,111; Cy 44,584. The softest iron in this series, or that which 
contracted most, was Bowling, viz.. Ay 27 84; By 5556; C, 56*44; the 
hardest was Dundy van, viz., Ay 000 ; 5, 8-03; C, 3-88. The relative 
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poeitdons of the various spedmens under these heads are indicated by 
tlie figures in columns 6^ 7, B, and 13, 14, 15. 

in. It will be observed that the grooved pieces, A, invariably bore \ 
the highest comparative sknini^ and also that they invariably con- 
tracted least Hie gpreater comparative strain borne by the grooved 
pieces is thus fully accounted for, and, at the same time, additional 
testimony is furnished as to the necessity of always comparing the 
breaking strains jointly with the contraction of area as enforced in 
Section YIII., paragraphs 52-54. Those remarks were intended, to • 
show that many of the specimens would have borne a much higher 
breaking strain than they did, were it not for the reduction in their 
area, owing to the softness of the material The experiments now 
under review, it is submitted, are conclusive proof, if such is needed, 
of the correctness of those statements, as they show that by simply 
changing the shape of the specimens, so as to interpose an obstacle 
to their drawing out, a much higher breaking strain was obtained. 
The writer, in the concluding observations, Section XIX., will consider 
the use that may be made of the &cts elicited. 

172. Govan hammered bar, 1201, when grooved, as shown full size 
in Plate XV., only contracted 13*77 per cent witli the high breaking 
strain of 98,737 lbs. per square inch, whereas the same piece of iron, 
1202, turned down to exactly the same size, but uniform in diameter 
for 3^ inches of its length (instead of barely one-eighth inch, as in the 
former), contracted 3602 with a strain of 71,741 lbs. Thus the former 
bore 26,996 lbs., or 37^ per cent more than the latter, caused eoldy by 
the difference in the shape. The following figures exhibit the extent of 
this variation in all the pieces tested,— 37^, 29f, 19^, 26^, 23^, 20|, 
13^, 6j, 6^, 13^, 22i, Hi, 2Z\, 6^,— the mean of the whole being 
18*63 per cent in fitvour of the grooved specimens. The amount of 
breaking strain borne by a specimen is thus proved to be materially r 
affected by its shape— an important influence hitherto unascertained, 
and even unsuspected by any one, to the best of the writer's knowledge. 
This is one instance, out of many, that could be produced to show the 
absolute necessity (and the remark is applicable to many other subjects 
besides that of the present treatise) of correctly knowing the exact 
conditions under which any tests are made before we can equitably 
compare results obtained from different quarter& From the above 
fiEuHs it must surely be evident that we cannot judge of the merits of 
two pieces of iron or steel by comparing their breaking strains, when 
one of them was of uniform diameter for some inches of the length, 
and the other for only a very small portion. 

173. The following numerical results of some experiments with the 
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testing macbino in Woolwich Arsenal on Besaemer^s Steel, under Uk 
direction of Colonel Wilmot, ai'e given by Dr. Fairbaim in his treatiB 
on Iran, viz., 162,974, 162,970, 158,899, 156,862, 146,676, 145,512, 
136,490; mean breaking strain, 153,677 lb& per square inch. Now, 
let us examine the results on Bessemer's Steel in Table A, 27-31 
The mean of eight trials is 111,460 lbs.; the highest^ 123,165; tk 
lowest, 103,255. If we venture to compare the mean results of the 
two scries, we find the startling difference of 42,217 Iba, or d7| pet 
cent of higher breaking strain exhibited in the Woolwich experiment 
as compared with those instituted by the writer. Some individually if 
they happened to make the comparison, would hastily conclude that 
one of the machines mtist be wrong, and, doubtless, their verdict wonld 
be in favour of the GovemmerU one. The question may, periitps, 
however, assume a new aspect if wo inquire into the shape of Uie 
specimens used in both cases. Dr. Fairbaim gives no particulan 
regarding the form and dimensions of those referred to by him; bat, 
fortunately, we have the desired information fix>m another source. 
, The Engineer, 3d Jan., 1862, contains ^^An Account of EixperimeDts 
on Puddled Steel, Homogeneous Iron, and Steel Iron, made in Her 
Majesty's Arsenal at Woolwich," by Mr. W. H. Barlow, who states 
that the machine "is a counterpart of that employed by the United 
States Grovemment for ascertaining the strength of cast-iron.** He 
also states — "The very short length of the samples which the machine 
is capable of receiving, in applying tensile and compressive strains, 
renders it impossible to arrive at correct conclusions from them in 
respect of the amount of extension and compression per ton per incL" 
The form of specimens is represented, half-size, in a wood-cut similar 



to the one here given, from which it will be observed that the minimum 
diameter of the specimen occurs at one point only, and, consequently, 
it presents a still more favoui-able form for resisting a tensile strain 
than even the grooved ones of the present series, which, for the 
reasons already stated in Section X. (121 and 122), were purposely 
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made with square edges (as shown in Plate XY.), to render them 
more liable to snap. Having ascertained the shape of the Woolwich 
specimens, let us now turn to that of the others, by referring to Plate 
L, fig. 5y for their representation, to Table A, column 1, for their 
minimum diameter, and to column 20 for the original length of that 
part which, in this case, is stated to have been 6'S inches. Having 
now discovered that a still greater difference in the shape exists 
between the two sets of specimens now in question than even in 
those mentioned in preceding paragiaph, which was proved so 
materially to affect the results, the writer thinks no difficulty need 
be experienced in accounting for the startling discrepancy between 
bis experiments and those made in the Royal Arsenal. The following 
results were obtained by Mr. Barlow from five samples of each, viz. : — 

Paddled Steel by Naylor and Vickers, . 188,054-100,981, mean, llft,886 

Da, mdted and cast, Do., . . 124,492- 84,652 „ 101,768 

Homogeneous MeUl by Firth & Co., . 116,188- 88,640 „ 100,994 

Puddled Steel from the Mersey Works, . 109,117- 84,152 „ 95,288 

Steel Inm from the Atlas Woriu, . . 71,168- 67,487 „ 69,456 

A similar striking difference will be found if we compare the Mersey 
Co.'s puddled steel, referred to here, with that in Table A, 69-74; 
the mean in the one is 95,233, in the other, 71,486; difference, 23,747; 
or 33*22 per cent of higher breaking strain. We are unable to com- 
pare any of the other four lots, as either the name of the material or 
maker is different from any of those in Table A, nor is it necessary, as 
the two instances adduced will be sufficient evidence to prove the 
necessity of knowing that the shape of the specimens correspond, 
before attempting to compare results obtained from different quarters. 



XY. COMPABATIVB StbEKGTH OF SCBEWED AJH) ChASED BoLTS. 

174. On the subject of the strength of locomotive boilers, Mr. D. K. 
Clark, in the recent supplement to his truly valuable treatise on Baihoay 
Afachinery, refers to some experiments by Mr. Brunei on screwed bolts 
and nuts of Goalbrookdale iron, and states that the breaking weight per 
square inch of bolts 1^ inch diameter was 23-2 tons (51,968 Iba); 1 inch, 
25 tons (56,000); f inch, 27 tons (60,480); | inch, 32 tons (71,680). 
He says, — " It is remarkable that the relative strength of the bolts in- 
creases as the size is reduced. Thus |-inch bolt«, having only one-fourth 
of the sectional area of 1^-inch bolts, are proved to have more than 
one-third the breaking weight; otherwise, the strength rises from 23-2 
tons for l^inch bolts to 32 per inch for |-inch bolts. Here lies a new 
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\ field of operation for experimentalists; meantime^ we suppose we may 
^lazard the explanation that the smaller rods are proporfcioDaUy the 
stronger, for the same reason that bars are stronger than boiler-platei^ 
because they are more thoroughly rolled down. That the screwing of 
a bolt should reduce its tensile strength seems certain. How mudil 
The bolts were not proved to show this, and an estimate can only he 
formed upon the residts of four bolts, of which the shank was 1^ dia- 
meter and the screwed part 1^ inch. The mean breaking weight wat 
31^ tons, the bolts filing in the shank, equal to 25*2 tons (56,448 
lb&) per inch of section. Thus, the extra size of the screwed paii 
added 2 tons (4,480 lb&) per inch to the strength of the bolt ; and, 
inversely, it may be inferred that the screwing of l^inch bolts deducb 
8 per cent of the strength of the entire bolt The deduction may 
amount to 10 or 12 per cent for smaller bolts.'* 

175. It is evident from the above quotation that there has existed 
the want of sufficient ascertained data on the subject of this section, and 
it ia hoped that the contents of Tables Q and R will prove aoc^tahle 
in supplying this deficiency. The pitch of screw and depth of thread 
of the various sizes tested were all according to the Whitworth gai^ 
being that adopted by the Admiralty for all the engine bolts required 
for the Royal Navy, and now generally recognized as the standard. 
Both ends of the bolts were screwed, as shown with the testing shackles 
in fig. 6, Plate I., and loose collars were used to suit the different 
diameters. 

176. Reference to Table Q has already been made (123) when re- 
marking on the appearance of the fractures, and attention was called 
to the difference produced in the fractures from using old and new 
dies in the screwing of the bolts. It ia now wished to direct attention 
to the also somewhat singular difference in the breaking strain of ih6 
two sets respectively. After a very careful examination of the bolts 
no difference in shape or size could be detected; the diameters both at 
top and bottom of screw-thread corresponded exactly; all the bolts were 
screwed by one person, without any more care being taken than usnal 
in their preparation; the two machines were likewise of similar con- 
struction, and by the same makers, the only difference being that the 
one had been in constant use for some yeaitt, while the other was 
nearly new. It is submitted that this difference in the dies had the 
effect of considerably hardening the surface of the iron when the old 
and blunt ones were used, and only slightly when the new dies were 
employed, the formation of the screw-thread in the latter case being 
more due to cutting out than in the former. The correctness of this 
conclusion was further confirmed by taking other pieces off the same 
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bars, and '^ chasing** or cutting the screw in a '' self-acting lathe/' 
where, as there were no dies employed, there could be no hardening 
effect ; and on referring to Table Q it will be seen that these bolts bore 
still less, though the difference was but slight, than those operated upon 
hy the new dies ; the per centage of this difference being for o Govan o 
2-55, Glasgow R Best 3-92 and 4-46, Bagnall tt J B 8*29, or an aver- 
age of 4-81. Lowmoor 1-inch bolts, screwed with the old dies, broke 
with 55,158 Iba per square inch; whereas those screwed with the new 
broke with 42,647, or 22*6 per cent less; Glasgow B. Best 1 inch, 
old dies, broke with 45,294; new dies, 38,856, or 14*2 per cent less; 
Glasgow B. Best | inch, old dies, 51,101 ; new dies, 43,600, or 147 
less; and o Govan o g inch, old dies, 53,855; new dies, 47,846, or 
11-2 less; the mean difference of the whole being 15*7 per cent less 
with the new than with the old dies. 

177. Let us now compare bolts of various sizes, to find if thei-e can be 
such a vast difference in the comparative strength of l^inch and |-inch 
bolts as in those referred to by Mr. Clark. ^^ Govan o 1^ inch, new 
diesy broke with 45,911 per square inch; | inch, 47,846; difference, 4*21 
per cent in &vour of the latter ; the same bars unscrewed broke, respec- 
tively, with 57,598 and 58,199 ; difference, 1 *04 per cent Glasgow B. 
Best 1^ inch, 41,161; | inch, 43,600; difference, 5*92 per cent; the 
same bars unscrewed, 54,579 and 59,300; difference, 8*65. The mean 
difference between 1^ and | inch, in the present series, amounts with 
o Govan o to 4*21, and with Glasgow B. Best to 5*92, or only an 
average of 5*06 in favour of the smaller size, instead of the enormous 
difference of 38*0 per cent, as in the quoted experiments. A part 
of this difference might be aocoimted for by supposing the proportions 
of the depth of the screw-thread to the diameters had not been so 
nicely proportioned in BruneFs experiments as in the present; that 
the dies of the l^inch might have been sharper than those used for the 
|-inch bolt& It is to be regretted that the strength of the same bars 
unscrewed had not at the same time been ascei-tained, as there might 
have been a greater difference in the quality of the iron forming these 
two sizes than was proved to be the case in the present series; yet, 
notwithstanding, it seems scarcely possible that there really could 
have been such a difference as that stated. The suspicion of an 
essential error pervading these experiments is materially strengthened 
by the circumstance that whilst the |-inch bolt is reported to have 
borne a strain of 32 tons per square inch, the j-inch bolt bore a strain 
of 27 tons. According to this statement, then, we find an increased 
breaking strain of 5 tons in the |-inch above the j-inch bolt Such a 
rapid increase is quite incredible, more especially when we find the 
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f-inch bolt bearing an additional strain of only 2 tons aboye thai of 
the 1-inch bolt 

178. In Table Q, oolunin 13^ the amount of reduction in the stanength 
by screwing is individually stated for the whole of the 180 bdti 
experimented upon in per centage of the original bar; the mean of 
the various lots is shown in column 14, and the equivalent diameter 
of an unscrewed bar of the same quality in column 16. 

179. Each piece forming lot 1406-1420 was tested three times, the 
broken end only being re-screwed. The order in which they we» 
tried is shown by figures in description column. The highest resultB 
were obtained in two cases at the first trial, in one case at the second, 
and in two at the third ; the lowest, in two instances, occurred at the 
third, one at the second, and two at the first trial, showing that the one 
screw was not necessarily injured with the strain that broke the other. 

XVL Relative Strength of Welded Joimtsl 

180. The experiments made to ascertain the strength of welded joints 
will be found fully detailed in Table S. The pieces were cut through 
the middle, and then scarfed and welded in the ordinary manner by 
the same smith who prepared the bolts for the other experiments, and 
a few by a chain-maker, for compaiison. The results varied greatly, — 
fourteen, as operated on by the smith, show a loss, compared with the 
oiiginal whole bar, from 4*1 to 43*8 per cent, the mean loss being 20*8 
per cent ; four by the chain-maker, from 2*6 to 37*4; mean, 15*1 per 
cent Of the former, four broke solid, away from the weld; ei^t^ 
partly through solid portion and partly at the weld; two separated at 
the weld. Of the latter, two broke solid, one broke partly solid and 
partly at the weld, and one gave way at the weld. It will be noticed 
that different sizes and also different qualities were used, but the results 
were alike uncertain, and are further proof of the correctness of the 
following observations by the distinguished engineer, James Nasmyth, 
Esq., which appeared in The Engineer, 8th March, 1861, a considerable 
time after the experiments were made : — 

"Of all the processes connected with the working of malleable- 
iron there is none that has a more intimate relation to the security of 
life and property than that of 'welding,' or the process by which we 
are enabled to unite together, in one mass, the several portions of 
malleable-iron, of which the generality of works in that material are 
formed. Eveiy single link in a chain-cable, every wheel-tyre in a 
railway train, directly owes its trustworthiness to the manner in which 
the process of welding has been performed, in so far as that any imper- 
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fection in any one single member of the set of cable links or railway 
wheel-tyres may involve a most fearful loss of life, of which, of late 
years especially, we have had such distressing and melancholy expe- 
rience. 

*' It is with the most earnest conviction of the vital importance 
of the process of welding, by reason of its close relation to the security 
of life and property, that I am anxious to offer a few remarks, based 
on long and intimate acquaintance with the process in question, and 
on those conditions that conduce to its perfect performance, which 
remarks, I am fun to think, if read with due care and consideration 
by those who are more specially concerned with the practice of the 
process of welding iron, may in no small degree tend to render less 
frequent those fearful and distressing catastrophes of which recent 
records of ship and railway disasters furnish such sad evidence. 

" In order to render more clear the following remarks as to the 
cause and most certain means of the prevention of defective welding, 
it may be as well, at the risk of a little tediousness, to explain the 
nature of the process of welding iron, which consists in inducing upon 
malleable-iron, by means of a very high heat, a certain degree of 
adhesiveness, so that any two pieces of malleable-iron, when heated to 
the requisite degree, will, if brought into close contact, adhere or stick 
together with a greater or less tenacity, according to the amoimt of 
force applied to urge them into close contact. .... 

" It is, therefore, to the means of thoroughly expelling this vitri- 
fied oxide from between the smfaces of the iron where the welded 
junction is to take place that we must direct our attention; for so long 
as any portion of this adhesive viscid substance is permitted to exist 
and interpose itself between the surfaces we desire to unite by welding, 
no sound or trustworthy junction can take place, and once it has made 
a lodgment no after-heating or hammering, be it ever so severe, will 
cause its thorough expulsion. It is, therefore, to the thorough expul- 
sion of the vitreous oxide in the first stage of the welding that we 
must direct the most careful attention; and it would, in no small 
degree, tend to bring to an end those fearful accidents of which defec- 
tively-welded iron-work is so fertile a cause, if all those who are 
specially and practically concerned with the superintendence of work- 
men entrusted with the performance of this vitally important process 
would see to the use and practice of the truly simple means which I 
am about to describe. 

" As I have before said, the chief cause of defective welding arises 
from portions of the vitreous oxide of the iron being shut up 
betweeJJTthe surfaces at the part presumed to have been welded, and 
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that, besides the impossibility of ascertaining, in the majority of cases, 
after the process of welding has been gone through, whether or not 
this vitreous oxide has been thoroughly exi)elled, and the sor&ces at 
the welding brought into perfect metallic union, and that no after- 
heating or hammering can dislodge the vitreous oxide when once it 
has effected a lodgment, our best and only true security is to form 
the sur&ces of the iron at the part where the welding is desired to 
take place, so that when applied to each other, when at the welding 
heat, their first contact with each other shaU he in the centre qfeachJ* 

181. Table 8 also contains two steel bars welded at the makers* 
works, the result still more unsatisfactory, — one showing a loss d 
45*0, the other 59*6 per cent ; whilst other two parted at the weld 
during the operation of forming the heads, previous to testing. It 
was mentioned under ^'preparation of specimens" (15), that at the 
commencement of the experiments several attempts were made to 
form heads on the steel specimens, in the same manner as on the iron, 
by welding on rings; but as they either fiuled at the weld, or the sted 
was found to be burned, that method was abandoned. 

182. With the view of ascertaining the effect of heating iron to the 
welding point, and then allowing it to cool slowly without being 
hammer^, an experiment was made with a bar of Glasgow B. Best, 
the results of which are stated in Table N, 1095. Although its 
breaking strain was nearly the same as that borne by another piece, 
1094, off the same bar, in the ordinary condition, yet it wiQ be found 
that the ductility of the iron had been injured by the high tem- 
perature and want of hammering ; for we find that instead of 42*2 
per cent, it only contracted 27*8, or 34 per cent less than the latter. 

XVII. Suddenly Applied Strains. 

183. In all the preceding experiments the weights were applied 
gradually until rupture took place. The writer now wishes to direct 
attention to another series, in which the weights were applied sud- 
denly. Before remarking on the results obtained, it will be proper to 
explain the mode of operation in so far as it varied from that already 
described in Sections II. and Y., in relation to the other experiments. 
The same testing apparatus was employed, but the trigger represented 
in Plate XVI. was substituted for the rope sling r, fig. 1, Plate L 
The steelyard was raised to the required position, as before, by means 
of a crane, from the chain-hook of which hung the trigff^; but 
instead of lowering the crane-chain^ after fixing the specimen in ihe 
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nachine, it was kept stationaiy. When the required number of 
freights were attached to the end of the steelyard, the screw I, Plate I., 
Kras turned round so as to bring a slight strain on the specimen, and 
then, by a sudden pull of the rope from the trigger, the steelyard was 
iisengaged, and consequently the whole weight instantaneously trans- 
ferred, without jerk, from the crane-chain to the specimen. The 
Dumerical results will be found stated in Table T, column 12 and 13 of 
which contain respectively the index number and the breaking strain 
when gradually applied, column 4 the amount of strain which was 
suddenly applied, and column 14 the amount of sudden strain ex- 
pressed in per centage of gradual strain; whilst the remarks in 
column Id show whether the load caused the breakage of the specimen 
or not 

184. In Section X. (124) the writer has remarked on the change in 
the appearance of the fractures as one of the effects produced by the 
strain being suddenly instead of gradually applied, and he now directs 
attention to the other effects produced. 

185. In order to ascertain the amount of strain just sufficient to 
produce rupture, experiments were made with various loads; in some 
the load was more than sufficient, in others less. If we extract from 
Table T the lowest strain that caused rupture, and the highest strain 
which the specimen bore without breaking, and then take the mean, 
we shall obtain approximately the amount of strain desired : thus 
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The average of the whole is 81*5, or a less strain by 18*5 per cent 
than that borne when the strain was gradually instead of suddenly 
applied. 

186. Some persons objected to the writer's mode of applying the 
weights in the former experiments, on the allegation that the speci- 
mens would have borne more if the weights had been very quickly 
applied. It was somewhat difficult to understand the bearing of such 
an argument, but he was nevertheless perfectly willing to test the 
truth of the statement by actual experiment Under the supervision 
of the gentlemen in question, a beam-scale was accordingly substituted 
for the chain and hooks (shown in Plate L), into which a number of 
weights were placed, the lever was then raised to the height they 
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deemed sufficient, and the specimen having been properly placed, the 
crane was lowered, causing the specimens in some instances to break 
at once, in others, on more weights being quickly added. The writer 
supposes the results were considered very aaiisfaetort/; at least, he 
heard no more objections as to his mode of applying the weights; in 
fact, they were only additional confirmatoiy evidence of his experi- 
ments on ''suddenly applied strains," made more than two yean 
previous. We may also revert to Section XII. (143), where it was 
shown that the little additional time required in testing the speci- 
mens had not acted injuriously, as some seemed to imagine, in lessen- 
ing the amount of their breaking strain. 

187. We will now compare the respective effects of a sudden and 
gradually applied strain as regards the contraction of the specimaoA' 
area: 
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188. It was shown (124) that the variations in the appearances of 
the fractures under sudden strains fully corroborated the accuracj 
of the former experiments under gradual strains, and if we examine 
the results as regards the contraction of area, we shall find that they 
also are confirmatory of the accuracy of both sets of experiments, 



Suddenly Applied Strains. ^*^ 

although they may appear in some respects antagonistic. Thus, it is 
submitted, the great difference which occurs in Glasgow B Best, 1530 
and 1531, viz., 28*9 and 29-6 per cent, was due to the per centage 
of the load, viz., 93-8 and 94-5, being greatly in excess of that just 
sufficient to cause rupture. The specimens accordingly broke very 
suddenly, without having time to contract in area. In proof, take 
other two pieces, respectively from the same bars, viz,, 1529 and 1534, 
with loads equal to a per centage of 83*7 and 81*8; the difference is 
only 8-5 and 46, instead of 28*9 and 296. Again, if we take another 
piece, viz., 1524, with a strain just sufficient to break it, viz., 78-6 per 
cent of its breaking strain, when gradually applied, we find it 
contracted 43*8 per cent, or exactly to the same extent as formerly. 
Although Bradley (p 1501 was loaded fully a quarter more than that 
sufficient to cause rupture, yet, owing to the superior fineness and 
softness of the material, it drew out most beautifully, and yielded a 
result, in the contraction of area, only slightly less, viz., 55*1, instead 
of 60*3, formerly obtained under the strain when gradually applied. 

189. Frost being considered to act injuriously on the strength of 
iron, some experiments were made during the severe weather in Dec., 
1860, to ascei-tain its effects. A bar of Glasgow B Best, | inch 
diameter, was converted into ten bolts, in the ordinary way, six were 
exposed all night to intense frost, and tested in the morning with the 
thermometer at 23° FaL The other four were kept in a warm place, 
and carefully protected during testing. Three were tested with 
gradual, and seven with sudden strains; Tables N and T contain 
respectively the resulta On referring to Table N, 109M093, it will 
be found that when the strain was gradually applied there was very 
little difference between the specimen tested in the ordinary condition 
and the two that were frozen; the former bore 55,717, the latter 
54,385; difference, 1,332 lbs., or 2*3 per cent les& The difference 
under sudden strains is somewhat greater, viz., 3*6 per cent less when 
frozen. The load just sufficient to cause rupture was in the one case 
somewhere between 50,835 and 49,948; in the other, between 
49,060 and 48,109; the mean in the one instance being 50,391, in the 
other, 48,584; difference, 1,807 lbs., or 3-6 per cent The writer 
r^rets that other duties prevented him from carrying out his inten- 
tion of repeating these experiments with bars of various qualities. 
It will be noticed that the bar tested happened to be of superior 
quality; had it been of a coarser description, the difference when frozen 
might have been much greater. The frozen bolts were coated with a 
thin layer of ice, for the purpose of better observing the effects pro- 
duced. In specimen No. 1093, Table N, with strain slowly applied, 
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the ice gradually became opaque and white, and just before breaking 
it resembled hoar frost In No. 1542, Table T, under sadden stnin 
the ice remained transparent, and the instantaneous stretching of the 
specimen was most beautifully exhibited hy the ice cracking and 
forming a series of complete rings. In No. 1539 the strain wu 
greater than in the last, and caused the rupture of the specimen; the 
heat thereby generated was apparent by the ice melting, and in the 
formation of vapour. 

XVIII. Specific Gbavitibs. 

190. The specific gravity of the various specimens contained in 
Table U were ascertained by carefully weighing them first in the air 
and then in water, and dividing the first weight by the dififerenoe; 
thus. No. 1601, when weighed in the air, was 12,230 grains, when in 
water, 10,654*5 grains; then 12,230 -?- 1575*5 (the difference or loss 
in weight) = 7*7626 specific gravity of that specimen, water bang 
1 *0000. The water employed was not distilled, but from Loch Katrine^ 
which is so free from foreign matter that, for practical purposes, it 
may be regarded as pure. Its temperature was kept uniform at 60 
d^rees, and a very fine wire was used for suspending the specimena 

191. It will be observed, on looking over Table U, that the specific 
gravity generally indicates pretty correctly the quality of the sped- 
men. In the pieces that were weighed the specific gravities were 
found to range as follows : — 



Steel Ban, rolled, highesi 


7-8308, 


lowest 7-6698, 


mean 7-7677, 


number 16 


Steel Plate, „ 


ff 
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ff 


7*7670, 
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Iron Bars, foreigii, 
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7-8088, 
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ff 


7-7764, 
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Iron Bars, rolled, 
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7-7626, 
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7-6628, 
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Angle-Iron, „ 


f» 


7-7310, 
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ff 


7-6006, 
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Iron Plates, „ 
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7-7419, 
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7-6006. 
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26 


Iron Shaft, hammered, 


»f 


7-6686, 


f» 


7-6077, 


ff 


7-6807, 
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Iron Pkte, „ „ 


f» 


7-6808, 
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7-6966, 


ff 


7-6184, 


II 
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Iron Bar, „ „ 


n 


7-7662, 


fi 


7-7680, 


ff 


7-7641, 


II 


2 


Pnddled-Iron, rolled, 


fi 


7-6381, 


ff 


7*2898, 


ff 


7-4276, 


n 


8 



192. Dr. Bobison, in The Encydopcedia Britannica (voL xx., p. 756) 
remarks, '' It is a very curious and inexplicable fact, that by forging 
a metal, or by fr-equently drawing it through a smooth hole in a sted 
plate, its cohesion is greatly increased. This operation undoubtedly 
deranges the natural situation of the particles. They are sqneesed 
closer together in one direction, but it is not in the direction in which 
they resist the fracture. In this direction they are rather separated to 
a greater distance. The general density, however, is augmented in all 
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of them except lead, which grows rather rarer by wire-drawing; but 
its cohesion may be more than tripled by this oper^llon. €k>ld, silver, 
and brass have their cohesion nearly tripled; copper and iron have it 
more than doabled. In this operation they also grow much harder. 
It is proper to heat them to redness after drawing a, little. This is 
called nealing or cmnealing. It softens the metal again, and renders 
it susceptible of another drawing, without risk of cracking in the 
operation.'' The writer's experiments on iron '' cold-rolled/' already 
referred to in Section XIII. (168), confirms the accuracy of the above 
statement in so far as regards the increase in cohesion and in hard- 
ness. Dr. Kobison, however, was in error in stating that ''the 
general density is augmented;" and the similar statement by Dr. 
Fairbaim, that " the iron is consolidated " by the process, will now be 
shown to be incorrect in point of fact The specific giuvity of a bar 
(1687) in the ordinary condition was 7*6360; the mean specific 
gravi^ of four pieces (1690-1693) cold-rolled was 7*5824; that of 
two pieces of boiler-plate (1730, 1731) in the ordinary condition was 
7*5664; and that of two other cold-rolled pieces (1732, 1733) was 
7*5392. Instead of an increase we have a decrease in the specific 
gravity of 0*70 per cent in the bar specimens, and 0*36 per cent in 
the plate specimens, produced by the process of cold-rolling. The 
writer will now give proof of this fiust in another form, by comparing 
the cubic contents of a bar previous to and after undergoing the pro- 
cess, thus, — 

Oidimiy sUte, duuneter -826, area *6810, leogth 36*06, cable oontents 18*6168 
Cold-XY)Il6d, „ -764, ,, -4684, „ 40*94, „ „ 18 7669 

We have here an increase in the bulk of this specimen of 0*1501 cubic 
inches, or 0*86 per cent 

193. Just a year after these experiments on cold-rolled iron were 
made there appeared in The Engineer, 1st Feb., 1861, a paper by 
Mr. John Daglish, *' On the Cause of the Loss of Strength in Iron- 
wire when Heated." He refers to Dr. Fairbaim's experiments on 
cold-rolled iron, and quotes his opinion that the great increase in the 
tensile strength of this description of iron was owing to " the effect 
of consolidation,*' and that, when passed through a fire, ''many of; 
the pores, before consolidated, must be again opened, there aiising 
a consequent diminution of the strength previously gained." Mr. 
Daglish proceeds to remark, " Ordinary iron- wire is drawn cold, and, 
passing through a similar process, may be considered to be similar in 
nature and structure to cold-rolled iron, and it is also spoken of by 
eminent authorities as becoming condensed and hardened after passing 
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a few times through the draw-plate, and that its greatly increased 
tensile strength is owing to this consolidation. 

" During late years much attention has been paid to the improve- 
ment of iron, not only by refining, de-carbonizing, and re-carboniziiig, 
but also by adding small quantities of chemical substances, and con- 
siderable success seems to have been attained; at the same time, in 
some cases, the quantity of foreign matter used is so minute as to 
create surprise at the extraordinary results stated to have been arriyed 
at by its use ; and, again, careful analysis has proved that some excel- 
lent qualities of iron contain a considerable quantity of substances 
which were previously considered to be most prejudiciaL Under 
these circumstances it will be intei*esting rightly to ascertain the 
cause of the great variation in the tensile strength of iron -wire after 
heating, for it is still the same material, without any change in its 
chemical nature, or apparently in its bulk. 

" The generally received opinion of consolidation does not seem to 
the writer to be well founded. This ought to result, perhaps, to a 
greater extent, when the iron is treated in a heated and softened state, 
than when drawn or rolled cold and hard, for it is natural to sup- 
pose that it would be equally readily compressed when in the former 
state, and it has still to undergo the contraction of cooling, whidi 
exerts a far greater consolidating force than any merely mechanical 
method. 

"If there is any permanent expansion in cold-rolled more than in 
hot-rolled iron after being heated red, the specific gravity of the body 
taken after and before ought to show it; and to find this the following 
experiments were made : — 

1. — Common Rolled Iron. — ^A piece cut off a 3-inch rolled bar. 

Before healing, 7-600 7*649 

After heating, 7-602 7*654 

Increase, -002 -006 

2. — Common Rolled Iron. — A piece of ^-incb bar. 

Before heating, 7-682 7-679 7-679 

After heating, 7692 7-690 7-594 

Increase, -010 -Oil -016 

3. — Common Rolled and Hammered Iron. — A piece cut off a 
large common bar, and reduced by hammering whilst hot 
to a J-inch rod. 

Before heating, 7-611 7-626 

After heating, 7-689 7-600 

Decrease, 002 -026 
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4. — Common Forged Iron. — Cut off a piece of forged iron, 
and reduced by hammering whilst hot to a ^-inch rod. 

Before beating, 7-737 7-766 

After heating, 7-696 7-787 

Decrease, -041 -019 

5. — Common Iron "Wire, |-inch. 

Before heating, 7 650 

After heating, 7-669 

Increase, -019 

6. — Round Hard-drawn Wire, ^inch. 

Before heating red, 7-677 7-589 7-571 

After heating red 7-565 7-680 7-659 

Decrease, -022 '009 -012 

7. — Common Steel Wire, J-inch. 

Before heating, 7-810 

After heating, 7-814 

Increase, '004 

a— Blistered Steel. 

Before heating, 7-829 7-827 

After heattog, 7-819 7-819 

Decrease, -010 008 

9.— Cast Steel. 

Before heating, 7-804 7-838 

After heating, 7 808 7-838 

Increase, -004 -005 

" It appears from the above that heating does not alter the original 
specific grtfvity to the extent of more than 1 -300th, and although 
pretty regular for the same description of iron, it sometimes causes an 
increase and sometimes a decrease in the specific gravity of diffei*ent 
qualities of iron, and no regular law is exhibited. 

"It will be observed that the specific gravity of hard-drawn wire 
(6 = 7*58) is less than that of forged iron (4 = 7*74), showing that 
in forging the iron is more consolidated than in drawing, although its 
tensile strength is much less. " 

" In the former experiments a piece of j-inch chain, made from a bar 
of carefully forged scrap iron (spec. grav. = 7*74), broke on a strain 
of 15 tons ; whilst similar chain, made out of a bar of best rolled iron 
(S C crown) (spec. grav. = 7*56), bore 24 tons. 

" It must be concluded, therefore, that * consolidation or condensa- 
tion' is not the cause of the greatly increased strength of cold- drawn 

o 
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wire, nor is the injurious action of red heat owing to 'opening & 
pores/ but that these eflfects are owing to some change in the mtk- 
ciUar structure of the iron, not accompanied by change of bulk, v 
otherwise sensibly apparent*' 



194. ^It has also been imagined by some that the density 
when a bar is subjected to severe tensile strain, as, for example, bj tk 
late Robert Stephenson, Esq., who, in course of the discussion to whkk 
reference was made in Section X. (83-97), observed, — "It must 1)p 
borne in mind that the section of the bar was diminishing, and ib 
density increasing, during the stretching." The results of the writers 
exi)erimenta to determine this point will be found in the table. The 
specific gravity of a bar of Bowling iron (1683) in the ordinary condi- 
tion was 7 '7630; when reduced in diameter from I'OO to 0"89 inch, 
by drawing out lengthways, the specific gravity was found to be 
7*7093, or a decrease of 0-69 per cent Lowmoor (1684) in its ordi- 
nary condition was 7*7470 ; when reduced from 1*00 to 0*91 inchit^ 
specific gravity was 7*6605, or a decrease of 1*11 per cent.; and in 
another piece I'educed from 1 00 to 0*89 inch it was 7 '6506, or a decrease 
of 1 *23 per cent. The si>ecific gravity of Blochaim Best (1687) in the 
ordinary condition was 7*6360 ; when reduced from -83 to '78 inch it 
was 7*5829, or a decrease of 0*69 per cent; and in another piece 
reduced from -83 to '73 inch it was 7*5553, or a decrease of 1"06 per 
cent It will be observed that in two cases the bars contracted to the 
same size, viz., '89 inch, but the decre^ise in the density was, in one 
Ccise, 0-69, and in the other, 1*23 per cent In the first instance the 
diameter contracted at one part only, whereas in the other the 
diameter was nearly unifoi*m throughout the IcngtL 

195. We will now proceed to compare the sj>ecific gravities of various 
sized bars, to ascertain if the rolling down whilst hot, in the usual 
manner, increases the density or not Glasgow B. Best, four pieces 
li inch diameter (1623-1626) yielded a mean of 7*6530 ; four pieces 
g inch (1619-1622) yielded a me^n of 7*6578, showing a very slight 
increase. Govan o, four pieces 1| inch (1605-1608) showed a meiio. 
of 7*7201 ; four pieces § inch (1609-1612) showed 7*6975, or a decrease 
of 0*29 per cent * Being somewhat surprised with the latter result, 
and wishing further proof, the writer next weighed the five pieces 
(1677-1681) which were originally off one bar, but which, for the 
j)urpose of ascertaining the effects of additional rolling, had been 
reduced in the rolling-mill to various sizes. The specific gravity of 
the IJ-inch bar was 7*7290, of the 1-inch bar, 7*7222, of the J-inch 
l)ar, 7 701^, and of the .J-incb, bar, 7 6850, showing a decrease in the 
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density as they became reduced in diameter. It will be noticed, how- 
ever, that the specific gravity of the l^-inch bar was somewhat less than 
that of the IJ-inch bar, being 7*7200, instead of 7*7290. 

196. The most highly converted steel does not, as some may imagine, \ 
possess the greatest density, the hardest steel (1738-1739) being only 
t-8152; whereas the softest (1736-1737) is 7-8220. The -specific 
jrravity of puddled-steel is less than some of the superior kinds of 
-WTOught-iron. 



XIX. — Concluding Obseevations. 

197. In this, the closing. section, the various conclusions at which 
the writer has arrived in course of this inquiry are presented collec- 
tively, with the numbers for reference to preceding paragraphs whei-e 
they are stated more fully. The conclusions are as follow : — 

1st The breaking strain does not indicate the quality, as hitherto assumed, 

(51, 63.) 
2nd. A high breaking strfun may be due to the iron being of superior 

quality, dense, fine, and moderately sofl, or simply to its being very 

hard and unyielding, (52—64.) 
Srd. A low breaking strain may be due to looseness and coarseness in the 

texture, or to extreme softness, although very close and fine in 

quality, (52—54.) 
4th. The contraction of area at firacture, previously overlooked, forms an 

essential element in estimating the quality of specimens, (62, 68, 

73, 167.) 
5th. The respective merits of various specimens can be correctly ascer- 
tained by comparing the breaking strain jointly with the contraction 

of area, (54, 74, 171.) 
6th. Inferior qualities show a much greater variation in the breaking strain 

than superior, (54, 66.) 
7th. Greater difierences exist between small and large bars in coarse than 

in fine varieties, (57.) 
8th. The prevailing opinion of a rough bar being stronger than a turned 

one is erroneous, (68, 69.) 
9tlL Rolled bars are slightly hardened by being forged down, (59.) 
10th. The breaking strain and contraction of area of iron plates are greater 

in the direction in which they are rolled than in a transverse direc • 

tion, (61.) 
11th. A very slight difference exists between specimens firom the centre 

and specimens firom the outside of crank-shafts, (62.) 
12th. The breaking strain and contraction of area are greater in those 

specimens cut lengthways out of crank-shafts than in those cut 

crossways, (62.) 
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Idth. The breaking strain of steel, when taken alone, giTes no doe to ^ 
real qnalities of varioas kinds of that metal, (71.) 

14th. The contraction of area at fractore of specimens of steel must k 
ascertained as well as in those of iron, (74.) 

15th. The breaking strain, jointly with the contraction of mrea» affordi die 
means of comparing the peculiarities in yarious lota of spedmni, 
(74, 76.) 

16th. Some descriptions of steel are found to be very hard, and, < 

quently, suitable for some purposes ; whilst others are extrenidT 
soft, and equally suitable for other uses, (74, 75, 78.) 

17th. The breaking strain and contraction of area of puddled-tttefl plates, 
as in iron plates, are greater in the directioii in which they are 
rolled ; whereas in cast- ateel they are less, (74, 75.) 

1 8th. Iron, when fractured suddenly, presents invariably a cryatalfiDe 
appearance; when fractured slowly, its appearance is inraziablj 
fibrous, (119, 130—133.) 

19tb. The appearance may be changed from fibrous to crystalline bj 
merely altering the shape of specimen so as to render it more liable 
to snap, (122, 134.) 

20th. The appearance may be changed by varying the treatment so as to 
render the iron harder and more liable to snap, (123, 164, 165.) 

2 1 St. The appearance may be changed by appl}nng the strain so suddohr 
as to render the specimen more liable to snap, fit>m having leas 
time to stretch, (124.) 

22nd. Iron is less liable to snap the more it is worked and rolled, (125.J 

23rd. The ''skin'^ or outer part of the iron b somewhat harder than the 
inner part, as shown by appearance of firacture in rough and 
turned bars, (126, 58.) 

24th. The mixed character of the scrap-iron used in large forgings is 
proved by the singularly varied appearance of the fractures of 
specimens cut out of crank-shafts, (67, 127, 135.) 

26th. The texture of various kinds of wrought-iron is beautifully developed 
by immersion in dilute hydrochloric acid, which, acting on the 
surrounding impurities, exposes the metallic portion alone for 
examination, (135.) 

2Cth. In the fibrous fractures the threads are drawn out, and are viewed ex- 
ternally, whilst in the crj-stalline fractures the threads are snapped 
across, in clusters, and are viewed internally or sectionally. In 
the latter cases the fracture of the specimen is always at right 
angles to the length ; in the former it is more or less irregular, 
(136.) 

27th. Steel invariably presents, when fractured slowly, a silky fibrous 
appearance; when fractured suddenly, the appearance is invariably 
granular, in which case also the fracture is always at right angles 
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to the length; when the fracture is fibrous, the angle diverges 
always more or less from 90°, (139.) 

28th. The granular appearance presented by steel suddenly fractured is 
nearly free of lustre, and unlike the brilliant crystalline appear- 
ance of iron suddenly fractured; the two combined in the same 
specimen are shown in iron bolts partly converted into steel, 
(140.) 

29tlL Steel which previously broke with a silky fibrous appearance is 
changed into granular by being hardened, (141.) 

8(Hh. The little additional time required in testing those spedmens whose 
rate of elongation was noted had no injurious effect in lessening 
the amount of breaking strain, as imagined by some, (148.) 

Slat The rate of elongation varies not only extremely in difi*erent qua- 
lities, but also to a considerable extent in specimens of the same 
brand, (145, 146.) 

d2nd. The specimens were generally found to stretch equally throughout 
their length until close upon rupture, when they more or less sud- 
denly drew out, usually at one part only, sometimes at two, and, in 
a few exceptional cases, at three different places, (147 — 149.) 

SSnL The ratio of ultimate elongation may be greater in short than in long i 
bars in some descriptions of iron, whilst in others the ratio is not 
affected by difference in the length, (159.) 

34th. The lateral dimensions of specimens forms an important element in * 
comparing either the rate of, or the ultimate, elongations — a dr- 
comstanoe which has been hitherto overlooked, (160.) 

35th. Steel is reduced in strength by being hardened in water, while the 
strength is vasUy increased by being hardened in oil, (161, 162, 
164.) 

36th. The higher steel is heated (without of course running the risk of 
being burned) the greater is the increase *of strength, by being 
plunged into oil, (161, 162.) 

S7tL In a highly converted or hard steel the increase in strength and in 
hardness is greater than in a less converted or soft steel, (161, 162). 

Sdth. Heated steel, by being plunged into oil instead of water, is not only 
considerably hardened^ but toughened by the treatment, (162.) 

39th. Steel plates hardened in oil and joined together with rivets are fully 
equal in strength to an unjointed soft plate, or the loss of strength 
by rivetting is more tlum counterbalanced by the increase in 
strength by hardening in oil, (163.) 

40th. Steel rivets frdly larger in diameter than those used in rivetting iron 
plates of the same thickness being found to be greatly too small 
for rivetting steel plates, the probability is suggested that the 
proper proportion for iron rivets is not, as generally assumed, a 
cUameter equal to the thickness of the two plates to be joined, (168.) 
o2 
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4 let The ihearing strain of steel rivets is found to be about a fbnrth lea 
than the tenmle strain, (163.) 

42nd. Iron bolts, case-hardened, bore a less breaking strain than wha 
whoUy iron, owing to the superior tenacity of the small pro- 
portion of steel being more than counterbalanced by the grests 
ductility of the remaining portion of iron, (164, 12S.) 

4drd. Iron highly heated and suddenly cooled in water is hardened, and 
the breaking strain, when gradually applied, increased, bnt at die 
same time it is rendered more liable to snap, (165, 128, 138.) 

44th. Iron, like steel, is soflened, and the breaking strain reduced, br 
being heated and allowed to cool slowly, (167.) 

45th. Iron subjected to the cold-roUing process has its breaking strus 
greatly increased by being made extremely hard, and not by beii^ 
*' consolidated,*' as previously supposed, (168, 176, 128.) 

46th. Specimens cut out of crank-shaft are improved by additional hint- 
mering, (166, 128.) 

47th. The galvanizing or tinning of iron plates produces no sensble eflfecto 
on plates of the thickness experimented on. The results, however, 
may be different should the plates be extremely tlun, (169.) 

48th. The breaking strain is materially affected by the shape of the speci- 
men. Thus the amount borne was much less when the dUarw^ 
was uniform for some inches of the length than when confined to t 
small portion — a peculiarity previously unascertained and not even 
suspected, (170—172.) 

49th. It is necessary to know correctly the exact conditions under which 
any tests are made, before we can equitably compare results 
obtained from different quarters, (172.) 

50th. The startling discrepancy between experiments made at the Royal 
Arsenal, and by the writer, is due to the difference in the shape 
of the respective specimens, and not to the difference in the two 
testing machines, (173.) 

5l8t. In screwed bolts the breaking strain is found to be greater when 
old dies are used in their formation than when the dies are new, 
owing to the iron becoming harder by the greater pressure required 
in forming the screw thread when the dies are old and blunt, than 
when new and sharp, (176, 168, 123.) 

52nd. The strength of screw-bolts is found to be in proportion to thmr 
relative areas, there being only a slight difference in fiivour of ^ 
the smaller compared with the larger sizes, instead of the veiy 
material difference previously imagined, (177, 174.) 

53rd. Screwed bolts are not necessarily injured although strained nearly to 
their breaking point, (179.) 

54th. A great variation exists in the strength of iron bars which have been 
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cut and welded ; whilst some be-ar almost as much as the uncut bar, 

the strength of others is reduced fuUj a third, (180.) 
65th. The welding of steel bars, owing to their being so earily burned 

by slightly over heating, is a difficult and uncertain operation, 

(181, 15.) 
56th. Iron b injured by being brought to a white or welding heat if not at 

the same time hammered or rolled, (182.) 

57th. The breaking strain is considerably less when the strain is applied 
suddenly instead of gradually, though some have imagined that 
the reverse is the case, (185, 186.) 

58th. The contraction of area is also less when the strain is suddenly 
appUed, (187, 188.) 

59th. The breaking strain is reduced when the iron is frozen; with the 
strain gradually applied, the difference between a frozen and 
unfrozen bolt is lessened, as the iron is warmed by the drawing out 
of the specimen, (189.) 

60th. The amount of heat developed is considerable when the specimen is 
suddenly stretched, as shown in the formation of vapour from the 
melting of the layer of ice on one of the specimens, and also by 
the surface of others assuming tints of various shades of blue and 
orange, not only in steel, but also, although in a less marked degree, 
in iron, (189, 124.) 

6l8t. The specific gravity is found generally to indicate pretty correctly the 

quality of specimens, (191.) 
62nd. The density of iron is decreased by the process of wire-drawing, , 

and by the similar process of cold-rolling, instead of increased^ as 

previously imagined, (192, 198.) 
68rd. The density in some descriptions of iron is also decreased by addi- 
tional hot-rolling in the ordinary way; in others the density is very 

slightly increased, (195.) 
64tlL The density of iron is decreased by being drawn out under a tensile 

strain, instead of increased as believed by some, (194.) 
65th. The most highly converted steel does not, as some may suppose, 

possess the greatest density, (196.) 
66th. In cast-steel the density is much greater than in puddled-steel, which 

is even less than in some of the superior descriptions of wrought- 

iron, (196.) 

198. The breaking strain per square inch of wrought-iron is gener- 
ally stated to be about twenty-five tons for bars and twenty tons for 
plates. This corresponds very nearly with the results of the writer's 
experiments, of which the following table presents a condensed 
snmmaiy : — 
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LbiL LbiL Um. IVm. 

188 Ban, rolled, highest, 68,848 lowest, 44,^84 mean, 67,665 » 25f 

72 Angle-iron, ^ do. 68,715 do. 87,909 do. 64,729 =:24| 

167 Plates, lengthways, do. 62,544 do. 87,474 do. M,787> ^ j. . 

160 Plates, crossways, do. 60,766 do. 82,450 do. 46,171) "^ * 

199. Althougli the breaking strain is generaUy assumed to be 
about 25 tons for bars and 20 tons for plates, very great difference fA 
opinion exists as to the amount of working strain, or the load which can 
with safety be applied in actual practice. The latter is variouslj 
stated at from a third to a tenth (see Appendix, A, G, H). It will be 
observed that whilst much discussion has arisen as to the amount of 
working strain, or the ratio the load should bear to that of the 
breaking strain, the important circumstance of the qtuUUy of the iroo^ 
as influencing the working strain, has been overlooked The Board 
of Trade limits the strain to 5 tons, or 11,200 lbs. per square inch. 
I 200. It must be abundantly evident, from the &cts which have 
{ been produced, that the breaking strain, when taken alone, gives a 
i &lse impression of, instead of indicating, the real quality of the iron, 
I as the experiments which have been instituted reveal the somewhat 
startling fiict, that frequently the inferior kinds of iron actually 
yield a higher result than the superior. The reason of this diffe^ 
ence was shown to be due to the fa/ct, that whilst the one quality 
retained its original area, only very slightly decreased by the strain, 
the other was reduced to less than one-half Now, surely this varia- 
tion, hitherto unaccountably completely overlooked, is of importance 
as indicating the relative hardness or softness of the material, and 
thus, it is submitted, forms an essential element in considering the 
safe load that can be practically applied in various structures. It 
must be borne in mind that although the softness of the material has 
the effect of lessening the amount of the breaking strain, it has the 
very opposite effect as regards the vxyrking strain. This holds good 
for two reasons: first, the softer the iron the less liable it is to snap; 
and second, fine or soft iron, being ;nore uniform in quality, can be 
more depended upon in practice. Hence the load which this descrip- 
tion of iron can suspend with safety may approach much more nearly 
the limit of its breaking strain than can be attempted with the 
harder or coarser sorts, where a greater margin must necessarily 
be left. 

201. Special attention is now solicited to the practical use that 
may be made of the new mode of comparison introduced by the 
writer, viz. : the breaking strain per squa/re inch of the fractured area of 
the specimen, instead of the breaking strain per sgiiare inch of the origikal 
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area The two modes of comparison may be judged of by turning to 
Tables Gy J, K, of which column 3, or 3 and 4, contain the results 
per original area; and column 6, or 6 and 7, per j&actured area. 
They are also shown in the Diagram Plates VIL — X. In these 
tables and plates the various specimens follow each other according to 
their ascertained quality or breaking strain per fractured area. 

202. As a necessary corollary to what he has just endeavoured to 
establish, the writer now submits, in addition, that the working strain 
should be in proportion to the breaking strain per square inch of 
fractured area, and not to the breaking strain per square inch 
of oiiginal area, as heretofore. He does not presume to say what 
that ratio should be, but he fully maintains that some kinds of iron 
experimented on by him will sustain with safety more than double 
the load that othera can suspend, especially in circumstances where 
the load is unsteady, and the structure exposed to concussions, as in 
a ship, or to vibratory action as in a railway bridge. 

203. In the Appendix is given a series of extracts, chiefly from The 
Engineer and other journals, having reference to the questions dis- 
cussed in the present work. Some of the statements are so startling 
that the writer would almost have been afraid to have advanced them 
himseLC They are, however, but too true, and it seems utterly 
unaccountable that upon a subject fraught with such momentous 
consequences, so few experiments should have been made, and so much 
vagueness and uncertainty allowed for so many years to exist, as some 
of these quotations evince. 

204. In one of these extracts (Appendix D), on the subject of the 
strength of iron ships, it is remarked, in connection with certain ex- 
periments made by Lloyd's Committee, " Whilst Lloyd's experiments 
were made on plates only f inch thick, it is necessary, in order to 
procure a 12 years' classification of a 3,000 ton ship, to use iron ly^, inch 
thick in the garboard streaks; and yet experiments have been made 
which appear to show that a rivetted joint, of even ^-inch iron, is 
absolutely tceaker than one in |-inch plate." The experiments are 
published in full detail in the Transactions of the Institution of Naval 
Architects (voL i, 1860). The writer cannot find words to express 
his astonishment that so celebrated a body as Lloyd's should for 
one moment rest content with conclusions drawn from only twenty-five 
experiments. The plates experimented on were all of one thickness, 
viz., f inch, of one quality, and of an inferior description of iron, but 
the system of rivetting varied. These experiments are valuable so far 
as they go ; but they should only be considered as preliminary to an 
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extended series worthy of emanating from so high a quarter. Such a 
series of experiments, which it is to be hoped may still be instituted^ 
should embrace the various descriptions of iron and steel plates from 
the highest to the lowest qualities, as well as various modes of rivet- 
ting, size and form of rivets, and to ascertain the relative strength d 
plates according to their thickness. Data would thus be obtained of 
great practical value. The necessity of taking into consideration the 
qualUy of the plates experimented on, forms an important element in 
this question, as the writer believes that the diminution of strengUi 
produced by rivetting will be found to vary according to the qualitj 
of the metal, and not to be regulated by any definite ratio, as hitherto 
assumed. If this supposition prove true, an additional argument will 
be afforded for employing the finer descriptions of iron and steel in 
preference to the coarser sorts. It seems certain that experiments 
adequate to the importance of the subject must some day be made, 
and if so, why not at present 1 * 

205. The writer has not attempted to explain the cause of the 
mysterious change produced on steel by heating it and plunging it 
into water, or the no less singular result effected by plunging 
it, when heated, into oil, as was proved by his experiments given 
in Section XIII., 161-164, and also referred to in Appendix (M.) 
Neither has he tried to account for the mysterious change pro- 
duced by subjecting iron to the pi-ocesses of cold-rolling or wire- 
drawing. The explanation offered by some, of this difficult 
question, that the iron and steel are condensed by the processes to 
which they are subjected, is completely contradicted by fact, the metal 
being actually expanded. The aim of the writer being strictly to 
ascertain facts, and state the conclusions which he considers to be fairly 
deducible from them, he has not felt himself warranted in attempting 
to speculate on a subject respecting which so little is yet known. 

206. In the Appendix (J) an extract is given from the continua- 
tion of the article in The Practical Mechanic's Jowmal on "The 
Annealing Temperatures of Metals, and Crystallization produced by 
Vibration," already referred to at page 60. Although the author of 
that paper ridicules keenly the idea of the structure of iron under- 
going a change from fibrous to crystalline after being in use, as well 
as the various agencies to which the supposed effect is ascribed, he 

* Since the publication of the First Edition, the writer has been informed that Uojd^s 
Committee have ordered a very powerful machine to be constructed for testing ancbon 
and chains, and that it is their intention to carry out an extensive series of experiments 
on ri vetted joints. 
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does not point out the cause which led to this erroneous conclusion — ; 
a cause which it has been the anxious endeavour of the present 
writer to elucidate. He has sought to prove, by the results of actual 
experiments, that what had previously been imagined to indicate a 
real change in the structure of the metal is in reality only a change in 
the appearances presented by the fractures, and simply and entirely due ' 
to the act of breaking. The two different appearances, respectively 
designated by the terms, "a fibrous fracture" and "a crystalline 
fracture," are, he maintains, produced by the iron breaking gradually 
in the one case, and suddenly in the other. Hence, when the ap- 
pearance presented was fibix)us, it only proved that the piece had 
torn asunder; and when it was crystalline, that it had snapped. 

207. The writer would suggest that his acid test should be adopted ^j \ 
as an extremely simple, inexpensive, but at the same time efficient 
mode of judging comj^aratively of the various textures of iron. By 
immersing the specimens in dilute hydrochloric or muriatic acid (spirit 
of salt), the surrounding impurities were removed, exposing to view 
the metallic portion alone for examination. Thus the effect produced 
by repeated rolling was at once apparent, when we compai-ed a 
highly worked or superior quality with a slightly worked or inferior. 
In the former the appearance presented by the bar was that of very 
fine and straight long hairs or threads lying closely together, as shown 
in specimens of Farnley and Bowling iron; in the latter, to some 
extent there was the same thread-like appearance, but indistinct and 
wavy, very irregular in size, in some parts lying close, in others far 
apart, as in bars of Dundy van. Puddled-iron rolled, or wrought-iron 
in its lowest state, presented more of a woolly than a thread-like 
appearance, as in specimens of Scotch and Welsh puddled bars; the 
latter development seemed as if commencing to be formed by the first 
rolling, the former or woolly resemblance to be due to the puddling 
process. Swedish tilted bars presented, even to the naked eye, a 
beautiful, silvery, variegated appearance; also in Kussian bar, the 
latter dense and very fine. Grovan hammered bar had the same 
marked, fine, thread-like appearance, as in Farnley rolled bar; but 
the threads were not so straight and equaL The crank-shaft speci- 
mens were extremely varied, and had a wood-like appearance, some 
portions dense, others porous, with here and there a silvery-looking 
vein, distinctly different from the other portions; in some places the 
fibres or threads were seen sideways, in others endwaya Specimens 
from the armour-plates were like the last, but rather more porous. 

208. When the deplorable loss of the "Royal Charter" occurred 
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public attention was directed^to the notorious fact that, till recently at 
least, any kind of iron was considered good enough for shipbuilding 
purposes. This state of matters was ably exposed in a letter signed 
" Amicus," which appeared in The Tivvee a few days after the lamenir 
able event, an extract firom which, and also from a second letter by 
the same pen, are given in Appendix (B). That the employment of 
the very best material would be accompanied with even great 
pecuniary advantage is forcibly set forth by Mr. J. G. Lawrie in a 
paper "On Lloyd's Rules for Iron Ships and their Improvement," an 
extract from which is also given in Appendix (0). It is hoped that tbe 
experiments, the results of which are detailed in the accompanying Tables, 
may be useful in supplying the data which Mr. Lawrie has assumed in 
stating his argimient. It may be observed on this subject, in passing, 
that a slight allowance wiU require to be made for the difference in 
the respective specific gravities of the finer and coarser materials. 

209. In conclusion, the writer ventures only to express a hope that 
the experiments, on which he has been so long and unremittingly 
engaged, may not prove wholly unserviceable to practical science and 
the world at large. The importance of possessing a thorough know- 
ledge of the capabilities and strength of substances on which the 
lives and pi-operty of so many human beings depend, is a proposition 
which no one will attempt to deny. The only excuse, if indeed 
excuse it can be called, for employing an inferior description d 
material in the rearing of structures on the stability* of which such 
momentous issues are involved, is ignorance or misapprehension of its 
proper quality. The writer has endeavoured, by a plain statement of 
facts, to furnish some information on a subject which seems till now to 
have been denied the attention which its pai-amount importance demands. 
Were this question fairly taken up and considered, some security might 
be afforded against the repetition in future of disasters occasioned by 
its being so often practically ignored. The necessity of using nothing 
but the very best descriptions of metal where human life or valuable 
property is at stake may, he trusts, come soon to be more generally 
recognized than it is at present. And that an increased demand for 
the finer varieties may conduce to a generous emulation amongst the 
manufacturers to improve still further the quality of their productions. 
Should his labours tend in any, even the smallest, degree to diminish 
the annual sacnfice of life and property occasioned by faulty material 
and workmanship, he will feel the satisfaction that they have at least 
not been entirely in vain. 
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except thoae marked Sample*, which w«re reoolved tnan the 3Iaker& 

lest part ; m, mean suo ; d denotes that the layers an slightly disanited; h, hi! frscfnre. 
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TABL 



NoTB.~All the places were taken promuenpuMiftram Rnglneeri' or 
L denotes that the strmin w%si uppllud lat^fthtt^Jiis of the plate; C, etotawapa; /, sise at fraet 





i 




Of Works. 


1 

2 


OBiaiMAL, 


W,Affa| 




n4e 


I 


Tlil«^ Bdih 


Am 


™«fc 1 










1. s. 


9* 


4. 


t ft. 7, 


ft 










indL bxetu 


wIhIsh 


Ib^ 


Ibe. Ibi. 1I». 


IlLdL b 


048 

3fi0 






Mkeskt Co. 

Fuddled Steel 
(Sblp Plate*) 

ff « 


L 


480 X I'SB 
't§0 X 1 90 

■lis X i-w 

■115 X I'SB 


■33S 
-SIS 

-21S 

-aie 


990 

9ea 

447 

3»1 


lOS^l 
105,1^ 
flPpOlS 


I0l,4» 


aasoft 


176 X 1 

laex I 

■109 X 1 
110 X 1 


ssa 

856 








c 

m 


■ITO X 1-90 

■iBO X x-m 

-lift X 1^ 
■lOi X 1-80 


■34S 

-aaa 

■217 

■103 


epi 

363 

111 


89,607 ■••'WJ 
63|0ee; 


■mx 1 

-171 X 1 

'lUX 1 
101 X 1 


550 
357 








fL 


SI5 X a<»o 
■260 X aoo 


■490 
'fiOO 


1633 
1564 


ioe.110 

10(V724 1«,®3 




^^X I 
-S44X I 


358 


^ 




*■ HftnJ." 


ft 


■aw) X 1^ 


■485 


133& 


9D,ft40^ 




-anxll 


3M 


S 


H M 


'Si* 


£50 X i-sa 


■48S 


1219 


881439* 


93h979 


•aiex I 


aao 


» 


i 


m m 


■350 X ai» 


■BOO 


1144 


82,3001 "^^®^J 


*ix{; 


sea 






Do, "Mild" Do. 

■r »f 


m 
L 

ir 

c 


*aH) X SDO 

-aw X i-os 

-aw X !•»& 


500 
4SS 

-488 


lass 

817 


Uj^} 77.018 
G9j&4e> 


mses 


'234X 1 

-awx I 
-aarx \ 


364 






W (* 


L" 


i50 X tiw 


■fiOO 


884 




■•x{i 


SS9 






Do. Do. 
(Ship PUtM.} 


L 
L 


•375 X l-TO 
-275 X l'T9 


49a 

'409 


1W7 
619 


78,Oto\ 

7141ft 


-assxlj 


367 

lies 

sn 

S75 
ff?S 
374 
^5 
STfi 


c 


5 
3 


Fuddled €tt^l. 

4* «r 
« It 

f* J* 
w «« 
H ** 




■190 X aiKJ 

'IBO X 200 

\m X aoo 

190 X aiXf 
*lfi0 X !H» 

■190 K a4» 


■seo 

'B«J 

■380 
360 

380 


1120 
lllg 
lf>76 
loijl 

era 

890 
826 
BS» 
790 
77S 


106,3*4 
106,1^47 
103,152 

mm. 

BS,417 
81.710 
84.710 
82,^j79 
81,047 


IQS^ 


M,31fi 


^ifiex 1 

ISlX 1 
'180X 3 
■186 X 1 

-mx 1 

■186 X : 

■laox ) 
4sex 

180 X : 
■issx ! 


877 
S7S 

S8D 






Da Do, 

(Boiler PIfttca.) 


e 
1* 


ai2 X a-oo 
■3ia X 1 7S 

at2 X ^m 
^aia X 2-00 


■624 
■H6 

eai 


1533 

1361 
1276 


Bfi,327; ^^^ 
71,792 f ^"*J 


S5.010 


aoox : 
^JS6X : 

■3WX : 

300X 


: 

























EL PLATE S-^oontUH6j.) 



121 



coept thoM marked Samples, which were received from the Makers. 

tt part ; m, mean size ; d denotes that the layers are slightly disunited; b, bad fractaro. 
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Nora.— All the plecra were taken promigeuovstp from Engineers' or 
L denotes that the strain iras applied Ungthwaya of the plate; C, erosstoajfa; /, size at fracton 
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, except those marked San^plUtt^ which were received from the Makers. 

Bt part ; m, mean size ; i denotes that the layers are rather imperfectly welded; h, bad fracture^ 
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Note.— All the pieces were taken promi§euou$ljf from Englneen' or 1 
L denotes that the strain was ipj^Ued bi^fAua^ji of the plate; G, er&sncaps; /, sixe at fracture; 
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»t thoM marked Sample*, irhich were reeelred firom the Makers. 

t ; m, mean size ; i denotes that the layers are rather imperfectlj ireldcd; h, bad fracture. 
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TABL 



NoTE.~ All the pieoes were taken promiwwmtljf from Engineen^ or 
L denotes that the strain was applied ImgthvMyt of the plate; G, enstwaif*; /, size at fraeton 
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t those marked SampUSt which were received from the Makera. 

; m, mean sice ; i denotes that the layers are rather imperfectly welded; h, had fracture. 
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ON STRAPS. Xc. 

BS, except thoee marked Samptes, which were received firom the Makers. 
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h. 


& 


1. 


9. 


L 


11. 


Gran. 




IbflL 




Vcent 




9 cent 




1)cent 


Vet 


11 


139,124 


1 


4-7 


1 


4-7 




5-4 


100 ] 




3 


161,867 


3 


51 


2 


12-8 




6-2 


100 


Wholly granular, rery.fine. 


4 


160,243 


6 


8-0 


8 


170 




71 


100 




6 


147.396 


4 


7-8 


4 


19^ 


11 


135 


97 1 




5 


147,570 


13 


14-3 


6 


21-5 


10 


13-3 


78 




7 


143,327 


2 


4-8 


7 


223 




6 5 


90 




2 


158,013 


7 


91 


11 


321 




124 


64 




1 


l''8.7H5 


8 


91 


12 


32-8 




8-7 


90 


Granular, and flbroua of a 
▼ery fine illky lustre. 


12 


132,47« 


6 


8-4 


6 


21-4 




9-7 


97 


9 


142,070 


9 


94 


10 


28-8 




10-8 


94 




10 


139,434 


12 


131 


13 


31-0 


13 


15-3 


49 




8 


142,920 


11 


12^ 


14 


36-6 


1 12 


13-7 


30 




13 


121.212 


10 


12-2 


9 


26-0 




11-9 


92 




14 


95,490 


14 


16-2 


8 


241 


14 


18-0 


90 Qrmnalar, flbTOiii,& crystallliiei 


1 


110,451 


4 


18-2 


4 


35-3 




191 


6 Qraxmlar A fibrous, uniform. 


s 


81,871 


3 


10« 


3 


19-4 




11-3 


14 


S 


80,370 


2 


10-5 


2 


19-0 




12-0 


Granular ft fibrous, irregular. 


4 


71,231 


1 


6-4 


1 


11-9 




9-1 


12 J 



H, STEEL PLATES. 

VI. 

;ho9e mariced &, which were received from the Makers. 



ruaar 


CO?fTn*OTtOW 




CaiEAOTEBlSTlCa OP 

raioTURRt 


KHCb 


Unu. Hub. 


W^afi. li«jLti. 


7. ff* 


; *- 


e. 10. 


k. 


1. 


u, la. 


m. 


Gran 




Ha 




^ct 






¥ct 




11 ct 




m^m 4 








J 
2 

? 

8 


SI Tea 

5 7-32' *T« 


I 

2 
3 


100 
100 

4f> 

»4. 


Wholly granular, vtrj flna. 
OnmtiUir «nd Cbmo», wry ftufc 


tm/m 2 




M1r»* 




4 

4 


4 




- Wholly flbrtKu, very icft end fine. 






14-4 






U-4 




100 


Wholly gratitilar, vojfy fine. 


OT,?re 3 
it.i» 4 

M,OH 6 




75 




1 
1 
3 

4 
2 

a 

1 * 

5 
5 
3 
i 



4l4f fi" 
6|6)_ .,^ 
S'57 


I 

3' 

a 

6 

4 
ft 


10 

76 
5» 
7d 
49, 

aa^ 

18 


b 

16 

1, 
a 


' Hftmlumed flbmuA, lOJghily granoltr, 

gratittlir. 
LamUsated, wholly flhraa 
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SUMMARY OF RE8U 

LiBfMlljfipi 

NoTB.~A]l the pleoet were tMkea promUemmlf tnm Enginecrr orM 



1 


~ ~ 












[^ ITMHOflbt 










FkrH<iiu 


ralndLdl^ni, 


Sl»pi. 




iBikKltol. 






< 


>i,*-i- 


] 


tidW^ 


J 


m^tmt, 1 1 














k. 


1. 


tk 


9. 


0. 
















Iba 




ni« 




im 




BRAlllJiT A Co. ® 5^ 


Rotuil 




W»-l*fl 


31 


6fltOOi 


81 


5«,QM 


m 


103 




LOWKOOI. 


*■ 




lod-ioa 


B 


59,320 


» 


fl^^e6 


i 


litS 




Fawtlet. 


« 




129-L3S 


e 


&9,6t8 


7 


64.1*3 


3' 


104 




B«4iHMTACo.l.aSempL 5. 


It 




137-140 


13 


aa,5r7i 


IS 


»,«• 


14 


IDA 




LOWMOOt* 


Squwt 




10M04 


D 


M,«W 


JO 


Gl,« 


It 


)(W 




Bowuso* 


EotUQl 




1»l 134 


11 


As,s;» 


4 


«^70I 


4 


lOT 




^ aOTXlL ^ 


rt 




7ia-TM 


|M 


&&,4^ 


17 


»,«« 


tt 


]0« 




« n 


It 




ti\-li4 


I 1& 


a7,73* 


SI 


39,736 


1» 


100 




" M 


n 




TQfl-iia 


1 30 


66,0©: 


14 


«9,30t 


34 


UO 




aaiPAii Etl R BesL 


" 




173-lTS 


: js 


M,W5 


96 


50«ID4 


li 


111 




Gt.«oowa Bfitt 


H 




1AU7U 


13 


M,ff;i 


10 


fl9.M9 


13 


111 




Qoif4jf £i. B. Beit 


Sqiutl 




IST-LOO 


^ 


J15,297 


33 


ft7,5M 


» 


m 




n 11 


Roimd. 




lOB-LTi 


H 


GI,3M 


83 


*9,13e 


10 


m 




II *« 


» 




1ti&-t6B 


n 


sT.aea 


33 


W.376 


90 


ub 






n 




I4S-I4§ 


3 


61,363 


ft 


ra,ew 


« 


116 




GLUOOira B««t 


1* 


^ 


fti^iai 


33 


W,913 


13 


61 ^IM 


11 


in 




It 11 


n 




lu-an 


m 


46,131 


l& 


W^ftlT 


If 


m 




OoTU B. Best 


tf 




ksa-iM 


9 


M,§64 


» 


«6,333 


1 


119 




H fl 


»i 




371 '334 


ID 


fia^ssfi 


14 


tnioG 


13 


190 




« « 


II 




tB9-1»3 


4 


00,109 


11 


02,2^ 


1 


IBI 




• Qdtam. # 


II 




aos-^ia 


7 


fi9,493 


9 


63LM7 


1 


m 




OoTAB £i, a Belt 






ifluiei 


za 


&!h€53 


K7 


M^OfO 


i! 


131 




*t 11 


11 




in-190 


, 30 


&3,3es 


30 


59,SW 


31 


m 




Blocbaibi a E^L 


*i 




nuiu 


'38 


aa,97a 


30 


5§,0O 


31 


lift 




MALn(8J.EE ar Beit 


niiu 


fxl 


m^^m 


89 


53,86$ 


38 


56,661 


a 


las 




Poet~Dl-J(Iiaj El. B. Ilc«l. 


ROBPd. 


J| 


165-770 


la 


44,084 


ai 


57.693 


3! 


IfT 




OLAKiaw B, B«t. 


n 




7)a~nt 


3J 


fi3;77« 


S4 


56,404 


3! 


IM 




QOTiJi B. B«L 






m-]M 


36 


M,34fi 


6 


64.576 


It 


IE9 




*» 1* 


H 




iB^m 


S 


C»0,06a 


3 


set, 363 




L3» 




♦ QoriM ♦ 




■ 


ana^aos 


^ I 


ea,8y 


I 


66.6^0 


! 


131 




ti tt 


11 




KJI-204 


IG 


S7,73fl 


le 


BOjn 


1: 


m 




n TI. 


I* 




157^^00 


33 


53,348 


19 


CI .594 


x 


tn 




BldRALL f^ JB 


« 




701-704 


: 37 


54,133 


as 


56,007 


3 


1S4 




DmJDTTAF, 






787-760 


,93 


|a,966 


33 


6&.657 


» 


i» 




It 


In 




745^748 


34 


45,611 


39 


58,040 


s 


136 


na 


ROLliUD BABB FOB 
BrVl!TB. 


Flat 


I'*! 


778-78S 


K 


96,9;9 


36 


4<?,»r7 


9 


m 




LOWMdO*. 


fionnd. 


^ 


lOO-Hfi 


5 


afl,m 


4 


m,4.M 




laa 




B»AtitjiT * Co. tC 8 0, 


f* 


lil-144 


i 


H57a 


10 


5^,639 


\ 


139 




ULVKftBTON RiTel Bert. 


rr 


i 


»51-8!ig 


10 


47,00© 


7 


^,330 


I 


L40 




TBoasErCftOrr & Co, T N B. 


„ 




uo-m 




fi7,«l 


5 


6D,53S 




UL 




R. SoLLocH E. Beat 


H 


a47.2ftO 




a6,oi* 


8 


5^,286 


i 


HJ 




C04TaiuiH3E Bert Rifet 


l» 


936-3^ 




5^.0J3 


» 


^577 




la 




GLAfloow Beat Hi veL 


11 


1 


M2-M3 




6«.5J5 


9 


5S,333 




144 




LonaWAP&li ffl W.R.O* 


f* 


H 


Jaa-IM 




RI8S 


3 


6^1,373 
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Blocb^im B«t Riyct 


,, 


! 


£33-3(3 


3 


«S,506 


6 


5e,t»o 

e3,N8 




Itf 


«: 


Sz. JiOLLoa BqI Elvet, 


1 M 


tt 


343-446 


9 


47,848 


i 


' 



BLE Q. IRON BARS. 

m»-n«tMYZL Yin. 

I, except those marked 3^ which were recdTed from the Maken 
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C01tTB4CT101T OF ARKA, 


ELOim^TION. 






















«a^SACTEEiiiiticn ov 


**»*«*^ 


/puhrtvdL 1 


«»»MI«L 


fVxHHd. 


Xr»VHL 


MAKQtVm. 


lf««a. 


Itan. 


3IMII. 


liwL 


lifu. 


' Bw 


£ 


BL 


lu 


8. 


1* 


0. 


L 


11. 


Cm, 




]b4 1 




Ibc 




'^ccut 




^Ol^t 




|*c«nL 


^CL 




71.TO0 


1 


146^£31 


1 


213 




0013 


I 


30li 


Q firlffht jrTVftTeryflDeind vlt 




7A,3tM 


a 


l3Kff76 


s 


190 




&3I 


1 


3M^ 








77,WJ ' 


3 


Lai,435 


4 


l»-a 




M-6 


4 


961! 








74,^8 


4 


luana 


3 


19^ 




sua 


3 


je^ 




Bright UBlttlih ffTKT. cJoea, uiil 
wry flne. 




70,111 


fi 


117,147 


16 


l»-9 




4B-5 


6 


24-9 






74,4«T 


1 


laiLiO 


S 


16'2 




45^ 


fl 


24-4 


oJ II 




CKffW 


fi 


116,M9 


33 


lOfl 




flO'[ 


13 


914 


*1 




m.TQS 


fi 


ua,7O0 


10 


13-3 




4«^ 


ft 


9.M 1 


Light cny, nnlfonnljr fine. 




6i«»0 


7 


IHBSfi 


IL 


10-9 




Wl 


7 


91 a 


oJ II 




e^«l€ 


10 


10],B69 


13 


IB^ 




4i^ 


91 


191 








6a,l60 


11 


Sfi^dia 


ao 


131> 




401 


10 


90^ 




Bn|[HtM i^r^, dOM, IDd 




«li7S7 


n 


guvMO 


94 


if« 




49-7 


39 


19-1 




mufoim 




m,m 


13 


Bfl^fiW 


la 


13-3 




4DD 


n 


99-3 








7H6i* 


u 


P7J1I 


& 


17-4 




40^ 


» 


33^ 


0^ 






7a,iM 


u 


97H*7^ 


6 


17-a 




361 


19 


9ai 


13 Dii«ht£nr,iiMvbatlm«iikr*{| 




«7.«4 


)fi 


BT,M9 


U 


llfl 




40-3 


14 


ai'3 




H 




701*10 


n 


»7.M» 


& 


16-3 




asti 


10 


931 




1 




T<»1K 


i« 


*7,»« 


27 


la-A 


3« 


33-4 


S7 


17-3 










« 
]» 


9^706 
^443 


as 

7 




90 


377 
36-4 


30 
20 


16^ 
J30-0 


13 


^ Bnghteit grtf, cloH, Kid 




73,M» 


11 


9M19 


10 


161 


afi 


»1 


^4 


ll-* 






W^ftll 


n 


M,*I8 


ai 


13^ 


17 


3t»-3 


96 


171 








0^01 B 


aa 


S^WO 


11 


I*^ 


i» 


»1I 


9& 


17-6 








OyWl 


» 


90^311 


IB 


1&^ 


19 


371 


16 


ai-3 


I It 




«^fi0a 


n 




14 


141 


11 


371> 


]fi 


91-4 


19^ 










95iOU 


S3 

30 


ia7 


U 
S9 


36' t 
3&t 


n 

IS 


90^! 
901 


13 
5 


Qenemny tl<»e ind Une, but 
Imeffiilu. 




aBti'$i 


30 


W.770 


2a 


la^ 


99 


289 


as 


170 


43 






TBilH 


Ifi 


W,*50 


n 


ia*7 


3B 


n-9 


93 


191 


ieJ 




i 


HM5 


76 


sa,5is 


15 


HI 


» 


27-7 


33 


isfl 


3Bl 


1 
1 


67,040 


31 
32 


75.373 
78, U& 


90 

22 


1!-B 


as 

31 


251 
26^ 


39 

31 


164 
167 


34 

^^ Hatlier ccane and iircAtiliir. 
So 


1 


61,700 


3a 


-i^dst 


32 


10« 


31 


97-0 


9S 


171 


16 J 


I 


4I^4M 


34 


Wi304 


34 

3a 


61 

4'0 


U 
35 


S-3 


M 

SS 


61 

fi-a 


^* I CflUH Md very hard. 


( 


38,9« 


36 


80,470 


36 


11 


30 


r4 


36 


w) 


74 Okik ud open. 




7a,6M 




\^m 




17^ 




W1 




aoi 


"l 




7tKV]3 




lla,3Mt 




196 




49-5 




981 






fl7,Ml 




lo^eao 




SOI 




49^ 




9L« 


oJ 




TtMO 




Be^ttff 




171 




40-4 




ia-i 


Ov 




ttisao 




M^ftoa 




194 




401 




177 


9 










9^3157 




13^ 
14 9 




40^ 




il« 




i 


Q^n^ttDj- iUi« end onltenn. 




7U62) 




«MW 




tS-4 




m-B 




1816 


I 






CT.sa 




m,m 




191 




34^ 




19-4 


oJ 




s 


s»,m 


10 


TT.» 


10 


fl« 


10 


aaj 


10 


16^ 


it Eitremtfx irroffuUr ana himL 
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SUMMARY OF RE8I 

Non.— AS tlw pleeM mre tikm p n m lt emi ult ftom Engbutn' or 






1 












BRBAUVO WK19IIT 


i 


1 














2 


VanMortlM 
















i 




■hap*. 


HlM 


ladnKot 








OHgtmA 


1 


i 


Makm or Works. 






1 










Low«t 


BHtbmt 


L 














a. 


1. 


b. 


& 


a 
















Ibo. 




Ibft 








TURNBD. 














147 


4 


BowLna 


Bound. 




1S6-1S8 




58,570 




62,885 




148 


4 


<$> OovAir ^ 


*i 




713-716 




56,006 




69,605 




149 


4 


Lowxoos, (planod.) 


Square. 




113-116 




59,136 




II.8CI6 




150 


4 


Glamow a Beit 


Boond. 




733-786 




63,844 




67,718 




151 


4 


Baomall V J B 


f« 




705-708 




63,7« 




66,539 




153 


4 

IT 


DmmTTAN. 


tt 




749-752 




61,905 




69,069 






BOZJliUDBABB. 






















FOBam>. 


















153 


4 


Lowxoos. 


Round. 




117-120 




6i87I 




67,m« 




154 


4 


<§> GOVAV «^ 


,, 




717-720 




66,000 




58,740 




155 


5 


Messkt Co. Best 


„ 




259-263 




57.690 




62,411 




156 


4 


Glasgow B. Best 


,, 




737-740 




61,846 




69,506 




167 


5 


Da da 


^, 




' 226-280 




66,316 




60,605 




158 


4 


DUHDTTAK 


fi 




1 753-756 


" 


48,014 




62,489 




150 


4 


GovAH Puddled. 






1 771-774 




83,150 




55,323 




I6U 


4 


TSTALTFBRA Poddlcd. 


" 


H 


1 775-778 




30,531 




39,000 








HAMMBKBD, 














161 


4 




280-283 




62,665 




54,070 


i 


IC2 


4 


Bosheled-iron, forged down. 


284-287 




54,070 




57.526 


i 


163 


6 


Crank Shaft, Scrap-iron, cut out, Length 


288-293 




46,460 




49,671 


s 


164 


fl 


Da da do. Length 


783-788 




43,420 




4K56I 5 1 


163 


*i 


Da da da Cross 


1 294-295 




4»,453 




44,703 * ! 


j 166 


8 


Da da da Cross 


789-796 


8 


32,582 




40,467 ' 7 1 


. 167 


3 


Armour Plate, da Cross 


, 797-799 


, 6 


36,646 




40,745 « : 


' 168 


3 

36 


Da da da Cross 
i 
t 
FOREIGN THiTSD BABS. 


1 800-802 


1 7 


34,614 




39,213 8 


169 


4 


Swedish R P 


264-267 




47,384 




48,987 1 1 


170 


4 


HrssiAN ^D 


272-275 




44,600 




55,190 


1 


1 *^* 


1 


Swedish 00 


803 












1 


172 


1 


SwBDisn » 32 W 


804 














ra 


1 


Swedish a? O 


805 













174 


1 

TT 


Russian K) P 8 

FOREiaN TIIiTXD BABS. 
FORGED. 


806 












! 175 


4 


Swedish R P 


268-271 




46,869 




49,505 1 


1 176 


4 


Russian C ^D 


276-279 




52,334 




65,516 1 


177 


1 


Swedish (JQ 


807 









1 


178 


1 


Swedish « C 


808 









1 


' 179 


1 


Swedish 9 e W 


809 


1 







1 


: 180 


1 

la 

310 


Rdssiak H) P 3 


810 


1 






~ 






— 












1 



.E Q, IRON BARS. 

ept those marked A, which were recelred ftnooi th« Ifaken. 
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.KI3CO WBIOHT 
iiAr«Iiieht>f Ai«a. 


OORTRAOTIOlf 07 AREA. 


ELOirOATIOlf 






i. 


/Vacfw-M. 




/Vm^htmI 




E»trtm0. 




OBARAOTXRIBTIOS 07 


















FRACTURE. 1 




MMn. 


U.^. 


MMa 


Mean. 








c 


e. 


h. 


& 


t 


9. 


1. 


11. 


Cry* 


1. 




IlML 




9) cent 




iioent 




ilcent 


net 






I20,i29 
116,969 




167 
12*5 


2 
1 


48-8 
51-0 


2 


26-0 
25-6 


I 


Light grey, rery fine and uni- 
form. 


MO 




114,410 




12-5 


S 


47-3 


3 


23-8 





»4 




Wi,MO 
80,638 




15-0 
111 


4 
5 


85-8 
81-8 


4 
5 


21-8 
191 


8 
9 


Cloeo and fine, but Irregular. 
Rather coane and irregular. 


04 




63.S80 




6-4 


6 


11-5 


6 


HI 


70 


Coarse and rery hard. 


t88 

70 




115,040 
112,705 




14-S 
121 


2 

1 


48-3 
49-2 


3 

1 


20-2 
231 






[■ Very fine and uniform. 


St 




86,295 




8-2 


4 


30-5 


5 


16-9 


15 




77 
03 




81,508 
80,053 




10-4 
13-1 


8 

5 


311 
26-2 


4 
2 


18-6 
20-9 


7 
25 


Fine, but rather irreguJar. 1 


7i 

36 




60,83« 
48,057 
29,818 


R 


7-5 
1-6 
0-0 


6 
7 
8 


10-8 

a-2 

0-0 


6 
7 
8 


73 
8*4 

0« 


75 Goene and very hard. 
{• Coarse and rcry Irregular. 


18 

-:o 




94,105 
72,531 




20-5 
14-7 


1 
3 


4311 
22-9 


1 
5 


«4-8 
16-8 



5 


Bright grey, dose, and fine. 1 


10 




50,003 




12-8 


4 


207 


2 


231 


72 




:23 




50,010 




11-3 


2 


281 


8 


203 


44 




17 




Si\m 




107 


6 


12-5 


4 


16-8 


60 


' Whitish grey and lustroua 
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70 




67,907 




9-2 




24-2 




7-5 


2. 





150 



SUMMARY OF RESl 

XiaMi)7n|ii 
Nora.— AH Om pleoat Ten taken pramimiowl^ tnm KncUiamr or) 



1* 


'li 






1' 


Bft«4KIirO WIIOTVI 




thtt. 




U^K.. 


IV «4<un Tft«l» «t (9r^<^J«v 






«s 


1 






1 






Mltb^L 


V*>D, 1 












L 


L 


K 


4. 


«. 


a ^ 














Ibfl. 




Ita. 




Bh, 1 


m 




pAlytST, 5. 


1 


L 43M4t 




Sfl,l73l 1 


63.441 


1 


2S- 


art* 




^ 


11 


C| 44^^43 




&M^| 3 


!KIM« 


] 


»3 




Fabblit. 


* 


l! 4^1^31 




JktvfiSl 


2 


61J6I 


J 


iB* 


Mi 




Tt 


n 


C 


45-/^37 




4PLflr3 


\ 


6(3(,746 


f 


m 




Lowuoaiu 


A 


L 


iril-40& 


1ft 


47,436 


7 


A7,«al 


IS 


M^Slif*^ 


306 




„ 


n 


c 


4QG-4KI 




47,436 


A 


a4,3<6 





m 




TtxMixt. 


t 


L 


»MS4 




&1,Ml 


S 


6S(,<43 


4 


5^(BS>, 


MS 




*T 


tt 





4Ki-*3a 


I a 


¥KUl 


11 


VM36 


IS 4«^3Wf* 


30d 




fiovLnro. 


1 


L 


41MI6 




ft^4l3 


IT 


»,4«i 


U'M,M*t* 


«J0 




If 


tf 


C 


41fl-4lf0 


14 


t3,OT4 


14 


MM 36 


14 


46.4411' 


au 




O GOTAIT, O 


H 


L 


s<n-9^ 


10 


M,»S3 


to 


67,6» 


B 


s«' 






11 11 n 


n 


C 


STI-970 




4«,l|7 


9 


G«.103 


1 tt 






llBAi>tEr ^ Co, S 60 


1 


L 


45MU 




^vm 


« 


6at434 


S 


a0,5»^' 






II n *s 


« 


G 


4US-«J» 




4?,6aa 


4 


50,414 


A 






BaiDtHT 4 Co. I* F 


ItO* 


L 






64.flB7 


» 


ffD,964 


3 


«J»^, 






t* 11 


11 


C 


4te-l7(j 




47,410 


3 


55,^ 


1 *l,3Slf 






Duplet A Co. 


Ito* 


L 


i7J-«T3 




*i>a9* 


4 


6C^§S7 


fl 


M.71» 
4e,4Jlf' 


319 




■■ ff t 


M 


C 


474-170 




47,283 


11 


51,035 


7 


2t9 




H4Liif»LEi ^ Beit 


1 


L 


SiMMtGO 




A3.466 


10 


53,61S| 


It 




9W 




ti 11 


n 


C 


e«i-eei 




47,463 


G 


53,wr 


4 


fftt 




CdKutt B«t B»t 


1 


L 


414^48 


u 


47,flJ3 


IG 


54.403 


Id 


*J.*4ft . 


133 




n m 


*i 


C 


4l»-4^3 




16,063 


11» 


47,QIS 


It 4«,71*P 


San 


10 


Da I^D. 1 


A*A 


L 


9ll-030| 


11 


4@,SM) 


9 


ft7,7O0 


10 Aa,6^ 

16 4i.«nr 


314 


ID 


n 11 


!l 


G 


921 -WW 


.17 


40,807 


1% 


50,1C3 


saa 


U 


Do, I>ft 


.Vtoil 


L 


iG3^« 


Ui 


41,130 


U 


ft.%758 


II 4fi,'7»r 


330 


34 


H 


It 


C 


I»74»I0 


10 


4O^0n 


T 


»»,*» 


a-JT 




TeOBSKTCHOtT Bsit Dwt 


ff 


L 


ti4U343 




82,607 


li'ft^Oflo 


T 64.1*171 

17 4^siaf' 


t^ 


• 


1< 


^1 


C|»4l-f349i|ll 


41,4 3A 


31 1 46,744 


$29 


n 
S 


Tl It 


A to A 
*■ 


L 93l-53a 1 


13 

10 


47.Gft4 


13 a6,333 
20 47. 2M 


31 f43]o36r 


S31 




W*LL^ Bat « BesL S. 


t4*i5 


L MG-fll5l 


33 


4a,ie3 l£0|5M2t, 


23 46,997* . 

9 4a,3uP 


^3 




11 ** 


II 


c PA^-e-^T 


13 


44JtU 


10^^3.035 


333 




GuAQuir Best BoUer. 


Itoii 


L Boa-4oa 


Itr 


4^(>]€ 


II ]i6,Sl7 


9]5«,M!^ 


U% 




!< n 


». 


C ' MXI^aU 


')0 


4^.761 


« ; 53.^^3 


io;4a.s^i ^ 


335 


Ifl 


flLABOOW Best B««t 


Itof 


Lj673-^m 


Iti 


4fi.52H 


A , 57.804 


n|5*,3S9i, 


336 


J4 


11 t* 


n 


C ■ 9yi'«,'M 


33 


37.337 


17.40,0^ 31 41,731*"' 


101 




WtLtiBat ffi Best, 


A*A 


L 4n-4*i3 


22 


41,00a 


I5]5#.4n« SO 47,4 lOT 


3S8 




♦* " 


11 


C|454-IUfl 


lA 


43.^1 


i% ^ 49,441 13 4n,G30/ ^ 


3i» 




Miker^i Sttmp tinccrtalo. 


AwH 


L 627-532 


17 


43,31*0 


22 49,S'IS 


;sa« 


341 




■ ■ T* 


It 


C'&33^538 


23 


37,330 


31 1 44,512 


341 




E.B.1I. 


A 

rr 


1+ 49l-4&a 


It? 


43,23i 


31 Ai,aa5 


U 4l.7rt41 * 


t4% 3 


H 


11 


C|49<-iyc 


I!2 


44, ra^ 


32*5,40* 


»» A 


LWTM, FoiTTHi, A Ca, Bent. 


iVto^^f 


L 9f»*'EKJa 


20 


43.C00 


35 1 47,600 


S4|4i967> . 

l9!4l,T3ar 


sW* i 


tl 11 


" 


C SW3-9<^ 


va 


aft,<)07 


IS 47.903 


'f i!' 


Qljlhow B»t Bnt 


A»iJ 


L AaJ-*fil 


|24 


3»,©J5 


34 4gv»4l 


S3 4i,0Mt 
34 41,340i * 


fiifi ' h 


M kt 


" 


C BiSa^'iT* 


31 


37,978 


13 44,379 


a 17 




Gi^saow 5hl|]^ 


tVtoH 


L &I5-L2n 


36 


37.474 


m .-^31,370 


le 47,77ST 


Ii4g 




u 


11 


c a-a-A26 


36 


3«,43a 


16 1 49,642 


30 44,^r* 


t4!J 


3 


IIuiKj£»D Beit Beat. 


f 


L 4i»7-4aa 


'ro 


4a,mfl 


2«;4^S»9i 


^ 43,433* . 


^^) 




»i 11 


11 


c,.wo-iws 


30 


3H,«>7 


25 143.676 


23^4U456r" 


341 




OOVAS B^!*L 


tE0| 


L aao^t 


as 


3-1,3118 


j3 4fl,ej7 


35 U**it . 
m 3R,W 


^« 


^ 


II Pt 


It 


C 


M3-5M 


Si 


a<v4C0 


26 


40,000 


3&3 


. 




1 


L »iMaa 




17,069' 




^m 


50,944 


it« 






f 






1 



E i, IRON PLATES. 

iteDL 

>t those maiked &, which were receiTed ftom the UakenL 



151 



IWlldDT ' 


COXTRACTlq!* 


Ki^naiTio^^ 






' 


WfWV^ilH. 




fkO'^Mf. 






«aAucTiiuimck OF 


M«ui. 


Hauu Mm*. 


M«flA* Uou. 




FAiiC^tfllK* 


7. 


& 


L 


0. 10* 


fc 


L 


11* Ifl, 


m. 


Cryt 


Xba. 






^CUDt 






9nmi 




?ct 


TS,08i 


1 


' 1 


n«« 




1 
J 


;rj«« 




4 
37 


, 


W,U8 


a 


a 

4 


n»-' 




10 

7 


'i^ •« 





D 




fl,0» 


a 


3 


I"f'"' 




3 

1 


^^1^- 
■i:}^- 














U-3J " ' 




a 






•1,081 


e 








1 



end TBfj (Uiflt 


ttifl«i| 


Ji 


i 
ta 


'^:-"> 


11 


7 
ft 


'i?r - 




1ft 

9 




eii,m 


7 


4 
10 


"^h" 




ft 
ft 


■;:} '« 




ft 

0. 




ffl,«H 


i 




'^^i 11 1 




ft 
II 


'j^} - 




3 




«I,4M 


S 


ft 
ft 


I^U. 




4 
ft 


12} '^ 




ft 




M.afT 


a 


11 
11 


'Hi'" 


10 


U 

13 1 


■r;}^ 




17 




$$,m 


ft 


7 

7 


'ti^"* 




Jft 
10 


t^} ™ 




n 

aa 




u,m 


ta 




I'o-^f"- 




I* 

ft 


^M" 




la 

27 


DuFllrii ffTBT, of Tlrfmii iberlei. eh^, 
and geoenlly- tine. 


w,m 


IS 


la 


'n}«. 




ft 
li 


'i^f "• 




6 




fitTSi 


17 


15 


■;:!} " 




17 
ja 


s-ai" ^" 




n 

IS 




IMit 


14 


H 


^:^f " 






la 


•i^f - 


1 


61 

3» 








lu 


'J^K" 




la 


H} "• 




10 




tt,Hl 


I& 


IS 




ai 




aft) 




'lt.ttl 


16 




!::fi" 




ifl 
4 


;;}»« 




6 

a 




'«e,M7 


ID 


16 

u 


^1^}" 


16 


13 

14 


H} <•« 




43 

3« 




ii,fttt 


18 


IT 
13 


'??}'■' 


n 


jia 


j.^- 


la 


aa 

25 








33 


::}" 




29 


n- 




li) 


DflD g«7t (t*nenillr rattier co«ne 


ii,«u 


1ft 


» 


5H 


m 




10 


tod Imgaiar. 






M 


a*) .. 




20 


^:^ *■" 




IS 




a,M« 


« 


11. 


«} '■* 


SO 


23 




10 


1 






1« 


':^} " 




19 


!lh« 




1 




10,Mt 


to 


16 


IS 


17 




' fi 








SI 


11} r» 




31 


jif - 




17 




41^113 


SI 


f^^ 


1ft 


Id 


20 


aaJ 








'tt 


^\» 




22 


\^ •» 




41 




W,il0 


n 


,S€ 


36 


24 


33 


31 




f7,BM 


as 


3fl 

a* 


\^ " 


K 


24 
35 


j^}- 


211 ' 


ii 


Irtcgalar, generally coatae aod op«ii. 


u,m 


as 




13 


36 

3*0 


t^t »o 


U 


aa 

IG 




iM,m 


M 


2a 
as 


13-0 


M 


2a 

9ft 


1ft* 


» 


la 

n 


Pose end lint 




1 ' 












. 



152 



SUMMARY OF RESUl 

XimatdjitpM 

NoTB.— AU the pieces were taken promi$e%iotalp from Eogineen* or He 



i 




U4kflrt or W&ir%» 


... 


.».^ 


Per Oqiuiw Incli ^ Ana. 


LnmL 


Hv»t. 1 m 












&. 


1* 


K 


a. 


0* 




' 




AH^IiB^IBON, 








Ibit 




IbL 






m 




FAHSLlSr. 


A 


GSd.^ 


I 


&ft,T7a 


1 


es,n5 




i 


m 




Gj^uoow Best Scrap. 




«a«-G3l : 


4 


53.aw 


1 


6a,3M 


1 ; 


279 








esT-roa 


S 


^m 


7 


««sa34 


e J 


971 




Glasgow Beat Bcft 


A 


flS^-CS* 


a 


H^mt 


& 


tTMB 


4 J 


375 




Ainioa « Best 




r>i34iA0 


3 


14, Ml 


4 


37,»I7 


t 1 


273 




ALUiiJii Beat. 




i%i-c5a 


7 


sijai 


11 


51,333 






m 




GLJtfiotjW Best Best 


A 


04fr4U3 


U 


47,(iia 


IS 


ii7,isa 






379 




CossKTT fl«5t Bo^t 




ea-^ft 


fl 


S^3^ 


a 


fiA^LOO 






279 




Glasqow Best B««t 




*H4-64T 


9 


BO,S&J 


11 


AS,49l 






2S0 




Al3[o?t B^t 


H 


fiMrCSfi 


10 


SO.DU 


10 


51,807 






281 




OtAWJow Best Best 


i 


csa^cao 


fl 


ft) ,3*14 


» 


W,336 






^2&i 




EAOt-S. 


U 


eao-fm 


L9 


ie,l*T 


13 


02,333 


13 




383 


fit 


COKS^TT. 

BHIP STSAP, Ain> 
BEAM-IBON, 


A 


0i8-e3i 


!t 


45,037 


B 


M,»n 


U 


1 


981 






11 


rjO]-(»i 


2 


HHOA 




60,15:! 


1 


3B9 




HmnyTYiji, 


IH 


Gto-ros 


I 


S1,4J4 




^hU t 


f 2SC 




TnoasKTCJiorr. 


» 


eii?-cn 


3 


4i,14l 




&rM^*& ^ 3 


387 




MlJSSEStJ. 


Ai 


e^-cii J 


4 


^.m 




&»,fl8j 1 1 


aaa 




Bowuud^ 


1 


G<11-@U 


S 


37.903 




«-'"l*l 




2t 
















1- 
1 


! 






' 







SLE K, ANQLE-IRON, &c. 

».FIaUX. 

except thOM marked S^ which were received flpom the Malier& 



153 



.IHO WXIORT 
uum In of Are*. 


C0NTR40TI0!! 
07 AREA, 
Firmttmred. 


KLONGATIOH. 


-•«. 1 


IfMa. 


IfMUl. 


7. ! 




0. 


L 


11. 


Iba I 




Vcent 




Vcent 


104,468 




41-4 




20-9 


71,764 1 




20-1 




15-0 


71,441 




23-4 




18-7 


70,706 




20-9 




15-4 


69,367 




191 




14-0 


67,6d3 




22-8 




141 


6^T70 




18-9 




12-8 


65,554 




18-3 




12-6 


64,909 




20^ 




127 


60,675 


11 


151 


10 


11-2 


62,778 


IS 


11-0 


12 


8-5 


56,545 




15-3 


11 


8-8 


98,201 

1 


12 


117 


13 


5-8 


67,606 




16D 




108 


63^635 




IS<» 




80 


59,918 




121 




8-0 


60,439 




9^ 




5-2 


45,844 




9^ 




4-8 





OHARACTBRIBTICS OP 




PRAOTURI. 


Crya 


Vceut 





Soft and very fine. 


44 




44 


Cloae, fine, and onlform. 


43 J 




33^ 




10 




19 




9 
35 


Oenerally fine, but rather raried. 


8 




53 




18. 




14 


Fine, but rather opciu 


151 




26 


Genenlly fine, but rarled. 


1& 




48 


Rather ooane and iireffular. 


12 





154 



RATE OF ELONQAT 



The] 
Non.~Al] the plecM were taken ptvmteuMMJir flrtim EogiaeflBr or II 



An* 
of 



DTtlBVifl 

NC«S«ll 



I s 



i & 



ROLLED IRON BABB. 

o QoTAir. o 

Glasgow K Be^ 

BUHiJTVAV* 

Baovall ^ J B 
LownodK* C^UAre.) 

OoTAS El, B. Bert, 
PoET-DcwBAa El. B. Dflat 
t • Gdvah. » 

GovAH B. But. 

# GoTjyt. • 

DOHDTTAM. 
fiOWLEXO. 
BofTUSQ. 

O OOVAS. O 

OoTAif E^. B. BciL 

DUNDTTAM. 

Glaaoow a Bo^t 
Goya II a Best. 

JDcflDTTAS* 

GthBQOw B. Befit 
Bft4Dt.£r B, a Ac»p. S 
Biui>t,Er. d) S 

UHAI^LET. Q & 

O G-riTAif. o 

O Govah. O 

Bag^au. is J. B. 

Br.ocnAiRH B, Best 

GLAJM3UW B, Best 

Maliwbi^kb W Bfiftt 
(jLApgQW B, Be#t 

* Go TAN. # 

CovAK a Bisst- 

GOTAN a BtSt 

GOTAW El. B. Bwt. 



RfiHed. 



Rolled. 
FoTjted. 
R&lled. 
Turned 



311 OoviW Es. B. BiiBt, (square.) 



Glajsoow Best Ettvct. 

LoWMOfllL 

Gov AN B. Best 

TnortSErcttort, T N" fi 

St. BrjLLOX Best lUvnL 

» Goviif. • 

GoTAW Ex. a Best 

GuvAJi El* B Beit 

Gqvam a Bc«t 



3M EuiCBArEK Bi^M fJlTet 

aryi t CoiTHJUiNss Best Rtvet 

a.M t BaxiUJsT ffl S C RlTOt 

3&4 t U[.Vi£ii*riL>if Itlvct Best 

3BA I Lowvoi'it 

a&fi a SOLLOLJH H B*«f. 

397 I LORu WAtD L m W a O 

SW t UL¥EE»Tu?f RlvcL Beat 

a&9 GiJieoow B iJest 



TOTDOd- 

Roiicd, 



Forged. 
Tumud. 



Bm^ 



Flbued. 
RoB^ 



Jelled. 

Forie<V 
noUod. 



Balled, 



i^ln. 



7ni-J27\ 
771" 11*371 
T4M^371 
TaS'l'S'iJ 

isoiuiigg 



ItHL 



5a,C40 

*i.73r 

M)p390 
«3>^1 



g I 



& 4 



Ida i'036E:]57,3«a 

76* ft^V<«l!V3| S7.f 412 
ItoO' 110387 53, 3« 
iatl-0030 M,34A 



'Jg.'nl fia,634 

-:ii.">4; 6o,ii7 

■7ft54; $iUB 
■fllTI AOf^ni 
-am 0S,T1B 
■8171 fie.6S7 
■8533'a7,5to 

■7H*i ea^ti^i 



301 

7Ji5! 
121 

in 

13!^, 

nil 
\m, 

7fi7 

73S 

loe 
liTi 

7IU. 

734' 

uo 

71S 

pan 

Hi.»7| 
zia 
I4d, 

^(17' 
IW 

m\ 



■7851 
TSM 

■8I7J 
7S54 



GO, 069 
6Q,0e» 
W.76J 
6^^,871 



Ta'i4 L^OQi 
^SS4| a7,03a 
TCiJ« 67,l*t 
7S4 07,003 



Ct2iJ(t 
fi'i,344 
f:i,84.^ 
ftj,80& 
60, iW 
60.4:i3 



241 

14S 

JOli 
247 
IM 

a67| 

739 



7954 

*7tiaa 

■7iWW) 

■eft-vo 
■fwi^o 

■6tW* 
-C3G3 

'ftoad 

■46*7 

■ai^ 

'4657 
■4Wfi 

■4417 
"44t7l 

Jin. 

'44171 
3713 

-3B4*! 
'^84?^' 
^44171 



sa-o e-92 34^ 

3CH)7'ae,34^3 
30"4T-S<lt3^ 

as-ol^-eBhiO'a 
! -^ Ofl-ai «a^ 

3€-oa^n'4 

aO-O 5^)4 10^ 

3a-«,7^>|aa-oj 
afi-a 7^e0j2a*4 

27'2]4Tr* (Till 
J«5ir4iJillflU 

28-97-4*115^1 

S0>lW27^ll 
26l>,ej0 34« 
30-0 5 41 181 1 

:30-4 J^ftViS-o- 
' ?5-6,7 41201 

36-(}ki-a"jai^a! 

3fl"0!7«fl i?fi^ 
j3aD.S:53'l«^4 

i7'3<;'40K!J^ 
Ja^)l7^48 ^3-4 

]24'0A^«)a3^ 

,'^& ^-'40 ij-a 

]'3'i1>4^B t7*fl 
Iva-4:tfl0i22',5 
^■i4^0.'j-ei3il'5 
34-0 4-00, lfi'7 
,34^4-64 IP 3 



57,338 
5e,5td I 

G^,Qaa ; 
6a,&&ai 

57,431 
M,73fi ; 
OIhNIM 



a3 4fiio§f»S'ft 

3l'6fit2:S3^ 

33^4-00: ti-a 

a7^!4'l2<!3*l 
33l»4'*a3|-0 
(i-Z^O 418 ^4 

5i/,(r(0 -a-i g 7*:'a 33*3 

69,3|(i,:33'2fl^6Ci1(J-9 

111 

WH3 371Jfi1»l9^4l 

.'jy.Cim laT^L^ 4 6«'17-2| 

5.^^63 W-tySti 30-9' 

58,0(tO 3(j^V5iia 130-0 

63,4.^ '204 a'3t'lft-9, ^ 

o<>,32tJ I:itt-4 6'04i33'g -2^ 

ty-J^g ,2Qi»3CSl4 4 US 

4s,fe7o iiie;-y6"io,i3-9 iia 
5«,b-7i ,i3fl-4t'eai7-i -aa 

eO.AW M-4 4 -S^Ha '4^:114 



7* i 



10 

n 

'37 
-M 

.^* 
■SO 

•ea 
i2 

0^=-'ltM> 
1-00 I ^ia 



Its 
Ifll 

-Ah'/a^ lit 



^ 



5"^ 

^0 1 j6i-7sai* 
■sa 0^1-^ j« 







^ OBSERVED. 

•an-liich sealflL 

w marked jSL, wblch were reeelred ftom the Jfakom 



155 



UirOKR PB0OIIE88ITK STailllB. 



i i 

8 S 






I g 






2 8 



9 S 






I § 






3 ^ 



15. 16. 



•11 
•12 

■01 
■03 
•28 
•18 
•24 
•37 
•28 
•06 

•27 
•20 
110 
1-37 
1-05 
0-67 
©•97 

o-«o 

0-52 
M3 

118 
0-85 
0-73 

ri9 

1-40 
1-55 
1-15 
1^20' 



17. la 



•25 
•20 
■03 
•17 
^2 
•33 
•46 
•66 
•44 
•10 



10. 90. 



•41 

•34 

■05 

•80 

•83 

•55 

•70 

1^07 

070 

0-SC 



81. 



88. 2i. 



85. 86. 



87. 88. 



80. 80. 



81. 88. 



88. 84. 



SB. 86. 



•GO 

•60 

•JO 

•48 

1^28 

0^85 

I "06 

1^60 

1^08 

0-37 



2^21 2-62 2-88 338 3^00 
2-46 2^88 3-36 3-91 4-56 



•81 IW 138 176 

76 1-05 1-38 1-86 

•18 ©•31 0-52 074 1 -12 I •31 r52 I*e« S'OO 

70 OSS 1-38 1-58 ■■SI 2-11 246 2^55 2793-07 
178 233 S^03 3-48 3-88 4-38 5-28 
118 1^60 1^88 217 2^54 2-95 336 3*85 
1 ^45 316 2-35 3-00 335 3-90 4*20 
2^16 2^63 S^IO S^65 4-25 5-00 
1-50 176 2"05 
0-61 078 OSS 



■52 

•40 
l-42l^68 
I ■go 2-27 
1 •60^1 -80 
1-03 1-30 



(hOO 



I 65 

l^OO 
0-92 
1-60 

1^92 
1-47 
115 
1-87 
2-26 
2-25 
176 



162 
077l()-94 1*30 
2-96 
S 



2-64 3^04 
21ft 2-60 



2-*> 
172 
152 
2-30 



i -SO 2-10 

1-72 217 

3-50 4-25 

-.-4-34 5-88 

315 3-70 4-35 

2-40 2-96 3-85 

3-93 476 



2^S8 2^67 
2-90 850 
6-20 



7 3-20 



275 
2-30 
1-47 1-80 2-27 
1-83 216 2703-33 
1^87179 213271 



2^ 2-65 340 4*00 5^20 

177 i 

1-65 ] 

2-39 2 

277: 



r 210 



172 2-23 2-88 

2I5,2-66 3-42 

1-40175 

m2-25 
^•98 375;4-M) 6-05 
170 2-2q2^82 3-48 
J-OO 376 4-60 
I^OS 2783-85 
1-88 2-423-18 
1-80 2-32 3-20 



2*26 2-95 
2-95375 



2-65 8-37 

2^63 3125 
2-95 3-69 472 
3-55 4-45 5-30 

470 

375 

377 

4-88 

411 



3^68 5-16 

4-00 4^82 

S-80 



^^•67 . .„ 

218 2^3-50 410 

2^00 _ - 

•i-67 3-06375 



4-35 
417 



156 



RATE OF ELONQAl 



Tkel 

Kon.— AD the pieces wen taken jprnniMinMlf ftoB 1 



— 


' ' 












Bznx»OT 


4 
1 


KlSMtOftb* 


1 




Arm m&Umt* 
at ■Untaflh 


milium 








1 


1 


lli4m«VT«rki. 








liSaMiw. 


S §13 S 


i 3 


5 












d 2 


3 5 


5 ! 










•4-lfl. ttM. 


i^ 

^ 


1 1 


L «, 


SL 1 


Iw 1 




IJILTBD BAB8, 








s 








361 


T RuaRikn M>< 


^^ 


fTT 


7088 


«6,447 


W^JIUP 6-6 


,, 


.. 




:i^ 


t ,, ,. IOF8. 


WK 


^apua 


e3;49R 


ta-s.i-w 6-0 


>, 


>» 




BB$ 


;. ;. 0W3, 


hried. 


fTS 


<MH 


6^516 


M^im s^ 


,, 


.4, 




»4 


f SvU^iBtl B Fe 


ri 


«(%l 


iKOfl 


4»>oaa 


^^jTaoiS^ 


^ S- 


s 1 


9fi5 


» H BF. 




1Z7I 


1536a 


4«,a^ 


4S0;fi^»4-0 


AG «f'll1 


86iS 


Bujaujf lOPa 


_^." , 


aio 


*WX4 


A1.46fi 


m-a'xio, i^ 


-0^ 11 


« 1 


9Bf 


., *> OOKD, 


nitB4L 


27^ 


^ah 


U^IVQ 


34^3^ »^ 


la 


j: * ' 


•ES 


SvniiiSB ts 0. 


T1 


aOQ 




i%m 




16 


^7 


-» ^ 


m 


■ P M H ^^ 




asa 


1SOT4 


47.«fi4 


,^ 


■13: « ^ 


wm 


" *^ ^3 


t, 


. ^6$ 


'!m^ 


47,384 


m 


-St 


^ ^ 


m 


,, „ attW. 


tt 


n mi 


.bm 


4a,6f)9 


^* 


■M 


4 ^ 


3T3 


M .* ® 0^ 


1 f orgDd. 


flW 


^674 


I1.)&1 


,. 


^ 


^1 '■ 


573 


„ ,. w»w. 


11 


m 


^04 


44,330 


^414^ l&K 


0«7 OW 1*48 2-53 


!"» 


7?4 


t " " 9£' 


11 


mi 


4I»19 


flO,H3 


3W.5 69:I8 7 


1-35 a^/,3^ 




973 


,f » 00- I Tilted 


am 


■3»0 


is,m» 


am 


b-aa 


17-fi 


0-4A lOO 


3-00 




»76 


t AitoatUf-pUite, cut crou A Tuniei 


mi 


iwi 


»t,6l4 


3HJ 


1*^ 


4^ 




« 


; 


377 


■ 1 It M M fl 


mi 


^WM 


36,6445 


3--0 3-a<f 


fl-9 


,^ 


IH 




a7» 


1 CrinSi-ihjift i, <:ul*crM ", " 


TOPI -T864 

7.^: '«iri 


40.in 
44.661 


aa-o 8-00' 9-4 


:; 


« 




3M) 


t „ ,» length ,, „ 


W3 


1*3* 


2^SD 


41S6 


17-fi 


»* 


.. 




SSL 


f „ „ leoffth„ „ 


TSS 


7t*W 


4a,4l« 


a^D 


a-AO 


H^ 




■' 




j^ 


Cr4nl£-*h»A A, cut f^rw, & Tumad 


f Iflflfl 


7SC4 


4S,8f7a 


afru 


3-48 


)a^4 


*> 


.^ 




3^ 


n FofgoJ. 


105fi ^a-^K^ 


4a,fiO* 


afi-o 


fW 


»i) 


** 


i- 




aai 




IffiJj -TftSI 


fiO,!*oe 


3Gi} 


2-401 S'3 




11 




3a& 


t ;i " !! i! " 


It^ -7854 


M^Mi 


aci»:4 3? le-fij 


-'■ 






3W1 


GoTAK Quntafircd-biLT, Tamc^ S. 


1130 O-^FMU 


64J33 








m 


rl Ti ^ M ^■ 


nmo'7B54' n.-ra^i 


aOTSfi^l^l 


,^ 


PI 




3!l8 


tt &iUiirei a 


ni*iHHcm 60,737 


'an-4fii»|3a7 


■ * 


». 




aas 


If !■* m ^ 


UintWKJO e7.3CG 


SG^ 4 88 (1*3 


.. 


- 




3» 


t ] o OovjuTh o nnlled-hir. 


faS2;niaWWsG.ii^ 


24DflW5W^ 


" 






301 


T f Al] i'«t Dff fl«i bur ]| in aiam,. 


*J^Ul4 0:80ia 


ftT,^3 


34 fi 6*l>im71 








3»2 


t fnndufleTretHjfltinff rolled clown 


aU)UlA0 4JI7 


aft,i»ii 


2413 GU4,Z5-2r 


^ 


^ 


^r 


39i3 


t J to 1|, U f P i. to tldtD tho EffC€tl 


.^J " 


■ lllfi 0-2^4 


aajoe 


|34-0 572 


n^ 


2'5H 








liifaddmojialrolMni^ 


















3M 


t BowLiNO, I'orgcd^ Cooled InWaUr. 


1045 


■eiiaol 7fi,Fay 


2Ofl4'O0 


20U 


--. 






3JJ,i 


» WiUir, 


1047 


■MJij 7l,a3a 


ma 4'r»9 M 4! 


.. 






ajjfl 


O^L 


t&iS 


■6313; (k\^M 


aO'O 3fifl 


iBt?', 


,_ 


." 




3BT 


BowT-urs, Rolled-bBf, Square, 


nn 


■6700, 68. 45a 


361' fl-K 


N'l 


,^ 




1 


^ 




lotw 


■53(0f 


erj,fl37 


4a0 5«0 


ire-f 


■ I 




^ 


><t 


imi 


■mG^ 


7#,1ffi 


i-z-oi-ss 


87 


^, 


^^ 


1 


4DQ 


„ rJo,«u]beali^. J. 


ifm 4f>!^7 


r;a,a«.*» 


aj-ol^^a MD' 


^ ; 




1 


4fJl 




irayi ',WiH 


(51V317 


56^3154 1 a-7| 


*. 


-90 


■«& i 


403 


H^JWLDIO ., ,, 


lOOa ^!>ftfl 


64,K<f7 


ifiQ I-44; tJ^dl 


■ ■ 


-M^-:* - 


403 


BoWJUtstl „ „ 


LtOGl 


■^m 


57,274 


iGi>'l^jio-a 


„ 


m^li 




BTSmiiBABa 




















404 




r 1 


-2207:145.3831 


10-4 


036 


*:; 








Mt& 


JowzTT^fl ,« ,, Chl«el& 


]4: ^ja:]30..W& lOoNnsT 6-7, 


^^ 






406 


JowiTT* J, M ChlielL , 


J 11 ^V/ 121,340 I00/V72 71?| 

„ 50 '4^17 101,421 ia4-ol-2flo rai 


^^ 






407 


NAn.oa*Co.> „ „ JUveEi 


** 






409 
409 


Moss Jt C»ji.Mm*i'a ,1 ,, Hkiiti. - 
NATU?a&Co/B „ ti Rivets. ^ 
BawitiiEJi^fl Patent ated ,» Tools. ? 


5 +5 -44 1 7 lOM,34lil 2711 ,3'40 13 ft 
i 47i I417IIV<?2 24fl'-l-aO, S-i' 


jj 


" 




410 


-1 m 43110,1 IV3H^ 11 *o| JS-P, 
17' *4417 I'Al*!^ h7-3!1^ 61 

i 1 1' i ^ 1 








4U It lifJtSMEa'a ,, „ Toolt 
4U 't KncPF^i Cdit^it«l „ Jif{ttM, 


_^ 




,, 


•' 


- 


1* 



.E L, OBSERVED. 

rTabfoX. 

Iter of an inch sealci 

ept those marked &, which were receired from the Makem 



157 



UNOKB PBOeilESSITB 8TIUI1I8. 


II 


II 


i s 

8 a 




8 5J 


5 g 

3 9 


2 S 


3 S 

SI s 




11 


II 




.1. 12. 


18. 14. 


15. 16. 


17. 18. 


10. 80. 


21. 28. 


88. 84. 


80. 86. 


27. 28. 


28. 30. 


81. 82. 


8S. 84. 


■38 38 

•30 -40 
■31 -27 
«3 3-63 
■OO 418 
«4 3-36 
•17 
•10 
10 


•63 164 
•48 -68 
•38 •51 
3-33 


74 -87 
•83 •98 
■67 -88 


1^ 1-34 
116 146 
111 145 


1-63 
173 
















«8 
■05 

-TSl^lO 
■08 1-40 
•80 175 


1-60 2-05 
1^3*38 
3-28 315 


310 
4-50 




















•05 
■26 
•40 
•38 


1-50 
•55 
70 
•55 


1-80 318 
•75 1-00 
■90 115 
70 0«) 


3-60 

1-20 IHO 
145 175 
l^aO 150 


3-20 
1-88 2-30 


3^«0 3'33 














•• 


■93 
•56 
•14 
-0* 


1-40 
0-68 
0^34 
013 


318 
0-96 
070 
0-33 


3-45 3^S0 
1-38 
0-90 
0-88 


S-63 8-90 
1-08 
114 
051 


4-48 5tin 

1-88 3*18 

1-53 

0-70 


7-33 

353 3-83 
1^84 
0-98 


380 4^06 
340 
1-80 


3-64 3-10 
170 


350 410 

s-oos-ss 


41» 
2-58 3-98 


■53 


•10 
•87 


0-30 
1-32 


0-83 
2-00 


048 
340 3-88 


0-65 
3-72 4<4 


0-85 


114 


1^50 


1-90 


3-35 


3-60 3-00 


•3i 

•45 -60 
11 2-83 
«2 1-97 
O0 0^05 
85 3-85 


•08 -18 
•43 -56 
•80 110 
3-31 4D1 
3-60 3^2 


•30 -50 
■73 "96 
1-35 1-60 


©•62 075 
1-35 1-60 
3-00 350 


1-00 1-20 
315 


150 1^90 


835 












37 45 

31 -38 

35 •SO 

•38 

•55 

-88 

-18 

-20 

-13 

1 


•45 -53 
-37 50 
•40 
70 
•34 
•30 
-30 
-38 


■60 
■60 

•60 

-90 
•50 
•46 
■40 
•40 


0^85 
117 
•67 
•58 
•60 
•56 


D-M 1-05 
1 •SO 1-80 
74 -84 
•65 79 
•58 -60 
•67 76 


l-OO 213 
1-02 114 
•81 •95 
•73 •SO 
-87 -98 


IM 

114 140 
©•91 l-OS 
lis 1-39 


118 130 
145 1^63 


I 46 1-66 
l^88 310 


337 3-68 


8-08 3-40 


8-83 4-45 



158 



RATE OF ELONGATI 



Hm MaMuraMBtivi 





Now.— 




1 J 

i 

I 




.' 










x^fvnjoir 




1 Jndvt 
1 TmUa. 


of 




Eiti'tiilw. 






1 S3 si's il 
















i s s s 


: S- ii; 










•q^IlL 


tba. 


\ 


1 


1 

1 


& 4. 


0^ 1 


L 7. Ll 




fiTBXIi PliATSB. 










o 


1 








4U 


t T^ftTDnASoN Cist fi. 


c 


i 9<K 


-536 


Si,itfl 


a^Jl'4 f 7fi U'3 








414 ' 


ToflTOH ft Saw Da 9. 


K 


30} 


Wi 


9.M44 


Iaa'4'iiJa 7 5 






<4 


4ia 


\ 3I&i!U£T <kiT. " tiafd " Pudaiei & 


L 


3W, ;^ 


tat^iio 


rj4 i-a* 6 5 






4 


41 G 


f BLfHTOAIll* Dfl. 


L. 


1 «7T, ^ 


&!i* 


;3l>*l2iJ4 67 






■ ■■ 


4\t 


TttlttJJf A SOM CMt "ir 


C \ 30ft 


■WW 


MiTta 


m\i^ 51* 






^ 


418 


fiLOGBiUur Puddled, 


c'o »*o 


^634 


Tl,7»2 


lao-4i^ 5-4 






k^ ri 


U9 


1 SQOKnilHM * Ckk Cut. 


av 3W 


■38ii 


1051,733 


■2^4 i-eO 71 




^ 


M 


4^1 


SiKi*nttiio» * Ca Purtdlod. ^ 


^b 


^ ^49 


■4S0 


Ri,««a 


2S'4|j'^ %■& 






I ^ 


AU 


t Mow A Gakbli Out. .<?. 


l; 


ri :^23 


'4rfi 


79,9ar7 


Si'4'4^197 






d 


<^i 


\ MosiiftOAinu DDL ^ 


as 


-• n% 


^Jfl 


71,l9fi 


23-4 1 '40,197 






w 


4n 


f SBmnizMiidtGa Dol 


L 


33Sj jt; 


ffj.aa^ 


|-^'4 raft 


5^ 






'H 


iu 


t ShovtbtpOv^Co. Da 


t. 


33i' tiea 


101. 1A& 


b't;i«1 4^ 






.. iJ 


4n 


t Bt-otUAMS Puddled. ^ 


u 


*:i ^360 


^mi 


;s3f4i*i 


ht 






a -■ 


4n 


Blochaiu Pa s. 


Ll 


STA! -380 


9im 


sa-i'o^i a^ 




^ 


n « 


Atl 


\ HuKniuiiit I3a Jf, 


^ 


. 87G 3% 


«l,0*7 


a3-40«B 


a-1 




1 


H -i» ^ 


43a 


Sao»T»tiMi» * Co^ HurdeiMd in OU. 


L 


fliria aad 


119,&63 


wiJiir 


»< 








429 


BLOOnJLiBit, L^ck D(L S. 


C( 


<111A '^fl 


imA^ 


aa-4a3fi 


i-B 






* 


430 




u 


llls«U 


.aa 411^, ft^ 






] " 




tBON PX^TBa, 






11 












m 


t Fakituit. S. 

f Fa KM LET. & 


L 


r 43ft 1145 


es,M*l30-4 51w|lf^ 






** 


at 


c. 


44!l l\^b 


y!..!i4G 30-4 3^ US 






■> 


433 


t Coxetrt Bttit Beat* 


u 


447 1-aDfl 


flJJlBl3a-4a*lff »« 






■» 


434 


BBAI4L1T ft Qq. 


L 


Itl -SSfi 


fi\ifflj :,S3-4 a SS 10-4 


^ 




»■ 


Oa 


t CLAKGOir BMt Beit 


L 


4^ -000 


M,W*|'J"14 3.VJI37 






t* ** 


48a 


. 


AT^i -SYd 


64,410 '30 4 a>8 g^i 








437 


t Out BAD w BMt Bat. 




516 ^U§9 


aa,a^ 13043-20 107 


I 




.* 


4S!^ 


Baadlxt dt b a. 


.1 


4U Ufl5 


i3,883'ai4a3310-4 






!* " 


430 


FARSLKt. 


L 


4i1 -7M 


69.4131 304 4ia' 13-5 








440 


t O C^v*«, O 


L 


.STO 7Sfl 


ss.ftia ' ^ 4 3<M ia^ 






** 


441 


i O G^jTAir. O 


c; fi 9^V -8^ 


6a,303;afl4lf*> 6« 






'^^ 


441 


Dajh^llt Ii 7. 


LI«461| 773 


W.02i ;ia4 3 7:i IJ 1 








44^ 


Bkadliy a Col 


L % 472 77fi 


STi. lai |a2 4aniU3-4 


^ 




■• *■ 


411 


t LijC>¥Pa, FoftTt K, ft Co. 


a ^ 7aa 1H16 


4G.7Sfl 304 144 47 






•< 1 1 


44A 


t LLOTDfl, Fo&TFJt, Jfc Gov 


L 


■7 71© -MfS 


4SvOL'«|,304 ItH 31 






tm M 


416 


Glaw^jw Beat Bi^ilor, 


L 


W» T3fl 


b^^m 


2S-41^ i« 






.. 


447 


t GoTAir Bat 


G 


M7 IMtt 


39,7m 


ao4o-9(; 3 1 








♦48 


Oor*3f BfeiL 


L. 


MS ««« 


3ci.*70 


30 4 0-Wi 3i 






* 1 ■> 


44U 


BoWIhIJEC, 


L. 


41A| 750 


6UH3 


aa4 3-isi3« 






» «j 


4fiO ,t LoWiiojM. 
1 4AI f BowLtxc. 


L. 


4U1' -ifin 


57,li»l 


22'4 3'.«IS1> 




1 


)| ■J4 

m 


L 


413, ^fiJKJ 


51 .Wl 


ta-ia7finfl-a 




'J 


i.'JI K. B. M. 


L. 


4SL i]^4 


ai.OTS 


»3-4 a IN 10^1 




t 


Uk ^14 ^ 


4A;) Lowifoon. 


L, 


40.^ ^J24 


47.4^ 


aa'4 a le 


9fl 




*U i 


16 « tf' 


41M t GovANBuit 


L. 


.&44 71J9 


m,^A 


30-4 073 


3-4 




DH 1 


» 4i tH 


4^ BijOCEiAlmHB, C(}M-rDlJed,unea]ed. 


cdllSfl' 460 


4&,674 SoVl-il 


SI 




W 01 


mn 


*M . Ila Dfl. Dol 


L^USfi 4,16 


50,iWf) 1 30'la 44' 8-0 




73 M 


amMft| 


4&7 


Da OmLnKTr vtKtc 


U-OIJ37, ^)uo 


4A,S!a,ail-4l3(i! 4* 


" 




«fia 


Da Cold-roltcd. 


ugU33j -470 


8»i,5S3 


ao4aD4 01 






. 




AH<J]UB]-IRON. &0, 


















4a9 'l Fab^lrt. 


L 


r fiTO saA 


62,888 ' M'4'Mi 


30ft 


ia IK 


'10 ■] 


!•?' 


4^0 t ALBmJT Biat. 


L 


6,VJ ^f« 


;^a,3fi3;3ri4 4'40l4fi 






461 Ola*oow H(j.*t West. 


L 


637 ^90 


ri7>3a 3D4a-j^ vn 


^ 




■I 


IfiT Cos SETT* 


Ll 


. DIO -94^ 


.M,l(^3 3il4ti1if 6^^ 


^ 




', 


463 t ni.iiFduw Be>tt Bctrt 


L. N 0^ '9'Jl 


w.sr7 aj)4>iMiti 


^ 




! 


1&I t GMBdOW Be«t Bf^L 


L,'« 6,1« w; 


63, MT aoiUJO B-3 








4nA t EAaLC, 


US mn-mx 


fti.333 30'4 3-44J113 










fti.^teo laoijiiioisi 


. 




I 


4b7 


Auniow Beat. 


w,eoT 'ao-4'3'fla:nfl 






,'. mr 


44% 


Dt'SDIrVAN. 


L 


fiasi-o«o 


&5,3O1;30'4j(^I ft-* 


' 




! * 


im 


Qt.vftQow B^t BcfL 


L; 


«OlOli§0 


eo.lMi ■J0 4 47fi'ia7 






! 


1 470 


Claaoow Uc»E Scnp. 


S 


1 


56.seo 


:30^4 


4*40 


.♦* 


. 




; 



LE L, OBSERVED. 
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EKpt tiiM« iout«d &, vlilch were raoefred from the ICeken 



TTHDIR PaCMlREBIITl BTOUirS. 



s a 



SI 
8 ;C 



IS 
s's* 






ills 



S S 
^ # 



tf 8 



3 & 



la, 14. 



u. la. 



17. m 



■M 



19. 90. 



T& 



■43 

■16 

W 71 -^ 



77 
■«5 

^« 

7t>| ^ -W 

7D -sg ■» Mi 



SI. S>. tl3^ ». 



^ 1<<^L'W 1-43 



1^ I «:iT*5 jvta 

'fit 4}70 O-W I -14 



^-59 



■M <wa 

^ 1-0* 



7a 0-80 



^10 
'10 

'11 

10 



t-OS I 
1-30 l^ 

t^ I7f 



■13 



la 



t4ft 



IIP 

OSC 



0<a 077 



173 3'IS 

l'«11» 



1-38 1 



■4» 

•as 

"ST 



75 



0^1 
071 



0-»? 
1-00 

1 



a& aa. 



S7. 38. 



0^ 



lAO 



m 



148 
173 



SSL 90. 



33. 34. 



as. se. 



im 



1^ 314 ^'38 a-«» 3-94 
^ 15'^^ 377 t- 10 



a-3a37^ 



-„ ISO 178^10 1 
^j'113 14il70 313 a la 

110 l:ytl6« 



ttisa ' U-IO 075 fill? O-W 1 IMj II I 
1-SC I 40 t^ 37S 



t^taa 



I^IM 1-84 
0^!ll7 If? 
Q^\ini 0-PO 
Ilat'40 170 

I'lfi,!*) mauos-ao 

(WO^i ft7&0W 1^ 
0-40 »•*» ft700^ 

07<iitio rao 



Ilfl3'44 3!i4 3>4* 
1-83 tsr? 371 
t'14 J^ 



« IHO Oi»0,0^ OTD 
(»^fhaO^07A 
119 l-flO 



i» «o 



)^ ^-30 3-90 373 

US 
*19 



-00 



^ 
^ 



«t^ -10 



0-01 110 
018 
O^i 

to; 

-37 



0-aoO-4a M«80 68 fl-83 
O-MO^ 0-83 1^ IM 178 
l^?3liH 3-30;^W3^4-S5 



0-3*1 

1-10 

1-33 

'83 

« 



0'6s(>78a-9s;i-is l'4ft 
i^eol 

M3 



0-^1 



31X1]!; *£> 3 3a a -DO #-41 
-eol I ftJ ai)& 3-43 370 
0-l»,l<H l^iSllO KJ 11-97 



1 -on -3 i !«. 1 70 i-03!t-S8 37a 
1-35 I 4S l-«03^i 3-353-83 9W 
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RATE OF ELONQ 



MoTB.— An the pleoM were taken promketiatulp tnm Eatfineai 



i 


NAIDMOrtlM 

Maken or Works. 


. ' 


\ 


Inda 

Ma 

Mid 

Tabl*. 


▲tm 
of 


EZTEKSIOH PBS C 


1 


§ 




§ 

8 




IBON BAB8. 




1. 


S. 


8. 


4. 


& 


6L 


7. 


SOI X 


Lowxoos. 


Forged. 


348 


r 119 


■5026 






iX(\% 


DOSI 


602 X 


Fakvlbt. 


BoUed. 


815 


129 


•7854 




.... 


-0046 


«M0 


603 !j 


BowLDta 


^^ 


818 


133 


•7864 




.... 


■0060 


•ooei 


504 1 


LOWMOOS. 


^ 


890 


106 


•7854 




.... 


•0030 


•0000 


606 X 


BSADLBT a; S 


^^ 


886 


146 


•8320 




.... 


•0010 


«« 


506 X 


LowxooB. (iqiiare.) 


Planed. 


837 


118 


•6064 






•0075 


«U5 


507 


X 


BOWUMO. 


Turned. 


814 


137 


7864 




.... 


•0068 


im» 


508 




• GovAir. • 


RoUed. 


811 


201 


•8498 




.... 


•0000 


IMS 


609 




OovAjr a Best 


Rolled. 


823 


187 


•7864 




.... 


•0016 


mm 


510 


X 


DcXDTYAir. 


Turned. 


838 


749 


•7864 




.... 


D008 


HM 


611 




O OOVAV. o 


Rolled. 


816 


731 


0-8171 






•0017 


mm 


513 X 


LowMOOB. (tqiure.) 




806 


103 


1-0403 




.... 


tXtt5 


mm 


613 1 


BmAJ>LiT R Ev Scra|t 5. 


i« 


821 


138 


07864 




.... 


■0030 


am 


614 1 


RDseuv K) P 8 


TUted. 


862 


806 


0-6903 




.... 


O008 


0014 


615 \X 
1 616 t 


CoATBBiooB Beet Rivet 

UUSDrYAJI. 


Boiled. 


853 
803 


238 
745 


0-4417 
1-227I 




:::: 


•0010 
•0006 


mm 

tJOIl 




i 617 X 


Bmclki Ik B. Scrap. 8. 


f« 


826 


140 


07854 




.... 


■0004 


mm • 


618 


X 


UtvtuTOH Best m*et 


«f 


864 


253 


0-4417 






•0QS8 


mm 


' 619 




RlAUJf^Lt* m Bc»L 




888 


, 297 


07600 




.... 


■0008 


mm ' 


620 


X 


Thobxstobor T N 8 


M 


846 


\^^ 


0-6158 






•0088 


UOTO ' 


621 




GovAK Ex. B. Best 


RoUed. 


807 ^ 


\ 168 


1-0887 




.... 


•0089 


mm • 


622 


X 


O OOTAH. O 


Tamed. 


829 


' 714 


07864 




.... 


•0068 


mm ' 


623 




O OOYAK. O 


Forged. 


828 


718 


07698 




.... 


-0058 


mm ' 


524 




o GovAir. o 


Rolled. 


801 


711 


1-2271 






•0078 


OlWj' 


! 525 X 


Russian >D 


Forged. 


861 


277 


07088 






-0044 


oom'' 


526 X 


Bagmall tt JB 


Turned. 


330 


706 


07&54 




.... 


■0020 


wo'- 


b'il X 


Bradley ® iSL 


Rolled. 


326 


136 


07854 




.... 


■0036 


•0070.- 


5-.'8 




GiJLSoow B. Best 


Turned. 


324 


734 


0-8171 




.... 


•0025 


iX^[ 


529 




Glasgow a Best 


RoUed. 


802 


730 


1-2271 


.... 


.... 


O050 ■0080; 


630 


X 


Bradley ® S 


Rolled. 


353 


143 


0-4417 






■0062 


-COM, 


531 


X 


Baoxall V J B 


Rolled. 


804 


703 


1-2271 






■0035 


O090|- 


532 




« Go VAN. • 


,^ 


309 


200 


1-0387 


.. .. 




■0056 oneo 


533 jt 


Swedish OC 


Forged. 


374 


8iy7 


0-3019 .... 




•0200 ■0258 


534 \X 


Swedish RF 


^, 


364 


269 


0-6808 1 -0118 


•0155 


-0200 


-02«0 


535 X 


ULVKR9TON Bcst RiVCt 


RoUed. 


358 


257 


0-4417 1 -0049 K)083 


■^132 


■0193 


536 It 


Crank-shaft B, cut out lengthway. 


Turned. 


380 


783 


078.S4 1 -0065 1 K)10'> 


•0170 


O350 


i *^^ ^ 


Crank-ehaft B, „ lengthway. 


^ 


381 


788 


07854 


•0086 


•0150 


•0-230 


■OS20, 


638 't 


Crank-shaft B, „ crossway. 


t» 


379 


794 


0-8171 


-0049 


0078 


-0125 


OlMJ 


539 X 


Armour-plate, „ crossway. 


»» 


378 


799 


0-7854 


•0192 


O2G0 


■O34O'-O130| 


5i0 J 

j 


Armour-plate, „ crossway. 




376 


802 


0-7864 


■0085 


-0130 


■0190 


•0270 


541 't 




385 


1-1096 


07854 


-0010 


•0020 


-0035 


00». 


512 t 


O GOVAW. O f 

All cut off 'in, U.ir. \ i \tu diatuBter, n>ih^ I « . 
downnst r i, r ■ uinfi lo U, 1, (. Hn , 
to note \h:-: n! >■.: ^< ...i .nWklODal mfling. 


390 


1113 


1-2668 


0O.W 


■0092 


-0140 


0188 


543 


391 


1114 


0-8012 


-0030 


•0058 


-0090 


■01» 


544 


392 


,1116 


0-4417 




.... 


.. .. 


.... 


515 X 


393 


D1116 


0-2124 




.... 




.... 


546 


Govan Uammered-bar, (square.) « J 
(turned.) i 


888 


21118 


1-0404 




-0030 


■0060 


max' 


547 X 


386 


gii2o 

■j 1117 


07854 




•0056 


•0078 


•0100 


. 548 J 


Do. Do. Do. (square.) o J 
„ (turned.) i 


389 


1-0000 




-0010 


•0014 


mo30 


619 \X 


887 


1 1119 


0-7864 




-0035 


•0050 


■0070 


650 |t 


BowLiifO, forged and cooled In water. 


894 


L1045 


0-6-220 




.... 


.... 


.... 



REDUCED. 
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■x^ed &, which w«ra reoehnad from the Maken. 



JENGTH. — Strain di lb& fbb squabb inch of (obiginal) abba. 


1 


§ 


1 


§ 


§ 


§ 


1 


§ 


§ 


§ 


1 


§ 


finiklnff 


i 


S 


s 


S^ 


g 


t 


3S 


S 


8 


^' 


Sf 


^ 


Mtfrt, 


Btnliw 


i& 


11. 


I*, 


la. 


17. 


1& 


IB. 


m^ 


31. 


sa. 


S3, 


ai. 


as. 


M. 


DSIS 


i»76 


■m% 


1«30 


13fi30 


OS30 


-07153 


mti 


109* 


la 12 


1«05 




-233fi 


6i.fl9a 


m 


^tia 


^t^ 


i^m 


1)750 


1W00 


16S0 


]f45 


14W 


iseo 


^600 




^JtMl 


f»4,133 


ma 


4*10 


■041^ 


am 


-(WW 


i»74J> 


naoo 


■1070 


iai5 


^mn 






■SSOO 


4S3^(Q4 


osio 


^00 


i^MO 


iwo 


1W» 


am 


-1000 


]1«S 


■1410 


■1»G0 






-ijsa 


6^.635 


039S 


134W 


HMO 


1>ti«0 


1»« 


m& 


'1214 


1440 


■1720 


-22S0 






^i34 


0^,-141 


dua 


1WSS0 


4001^ 


iflW 


1»10 


1M0 


"1138 


1332 


iwss 








■2255 


ei,*^J6 


MSO 


tl&l« 


4ft30 


in*o 


De7tt 


IC^ 


iroo 


'1400 


law 








im& 


60.817 


ua 


UMS 


«^]0 


D4QS 


1WW 


uoso 


1KB0 


<BIS 


■1075 








1130 


60.722 


D9I0 


V3SQ 


tN9a 


IMtf 


U7sa 


13930 


■llTfi 


14£I0 


11120 








1H09 


O0.O6& 


Dl^ 


oaeo 


■031& 


^«i] 


D&95 


DTOO 


^^0 


1«0 


-1760 








■i^ia 


6O,O0& 


oaoo 


•dm 


•05M 


DG30 


^^& 


iMse 


■1140 


14d0 










-271^ 


58,736 


Bl» 


-ttu 


DflW 


D835 


i^£)^ 


LtdO 


1335 


■1630 










^33^ 


53^390 


am 


iMM 


-0575 


t>710 


1>M5 


■103S 


1352 


*15» 










iJ7io 


5^670 


Hi* 


■WW 


i>^ia 


iJIlO 


Daa--^ 


1)400 


W65 


1)030 










<Kioe 


53,ooe 


MID 


^MW 


imi 


■tfSBS 


IBflO 


loao 


im 


14« 










■1730 


5!),DI3 


Ittt 


inu 


1*304 


03a& 


1)000 


-oero 


D736 


'OPIS 










looo 


6«,(H0 


MM 


DA40 


-0600 


-oe») 


1060 


1310 


tfiM 


-2110 










■asoo 


&B.571 


MK 


•ma 


^!J0 


flflSO 


D7e© 


us»oo 


1315 


^9000 










IKWO 


58,000 


»&& 


mm 


■OfiOO 


^WSij 


D»M 


■taifi 


1570 












■2320 


57,520 


MOS 


■CalO 


am 


D7fi6 


tflGfi 


■i»io 


■rw 












■ao&i 


57,431 


)4S5 


■0552 


U87i 


D93S 


1)090 


^im 


■1550 












:ias& 


67,35i 


WTt* 


^0700 


1?fi50 


10! 6 


■1»06 


■1410 


1930 












-ifm 


57,0Ca 


}»D 


■Otft) 


-0670 


■0701 


t)e76 


-]I04 


1600 












^3433 


57,141 


H7S 


<k&IO 


^700 


0840 


lOSO 


1^S4 


nso 












-«472 


M.701 


Km 


iMta 


-O^id 


1>375 


■0*40 


■06^0 


1W20 












0650 


frC,447 


M30 


«40 


IWiO 


D^*W 


looo 


laio 


■tB40 












INO 


5fi,005 


WSA 


iSGSfi 


15632 


um 


■laoa 


i5eti 


-2000 












-2900 


661,004 


my 


■OilQ 


imo 


DSSa 


■1113 


14^ 














■?1*J 


flfi,7fil 


MM 


10670 


D7Jfi 


ueoo 


Ulfi 


■[410 














1720 


S^effT 


NIO 


10MO 


U740 


D923 


■1170 


itm 














^2088 


05^463 


kuo 


D»SO 


■owa 


imns 


OS&a 


■m% 














^lUO 


H'Tii 


ma 


t»lB 


'Oc*a 


*745 


^)6Q0 
















1»li 


»,SM 


MO 


*1000 


■IMO 


*1670 


















'tm 


50,1» 


ll«a 


^i§m 


1010 




















■2570 


40,022 


M 


'tItO 


itfoo 




















■23S8 


48,970 


1410 
























■17M 
^41^1 
1>»'i5 

^75 


44,M1 

4I^4» 
10,124 

3*,fll4 


9S0 


^30 


i3«30 


IMMA 


D770 


1C936 


■1125 












16G3 


58,518 


i«e, 


fl940 


'P098 


"1170, 


■1S36 


■IfflO 


1J200 












-2833 


^m 


«9$ 


^)em 


■oaaio 


lOflnS 


■1200 


■IflfiO 


^300^ 












-2GS0 


57,379 


fiS9 


^Ul-OSM 


'1030 


liSO 


1600 


18A0 


^4110 1 










^17 


ca,iw 


4U 


■0U3 iXUMI 


D7S0 


1]Wfi 


^iin& 


13ft3 


I7J50 










■2375 


50,708 


4S& 


^J&iQ 


•Or'.3S 


1>7«l 


DCilO 


iOh? 


1218 


■1505 


■leaa 








-2273 


(30,737 


410 


^90 


D&SO 


1KIH1 


ima 


UDIO 


1110 


mf> 


■JftfiS 


isgo 


^seso 




^6«8 


64,133 


IfiOj 


-om^ 


^>a7« -0136 


■oios 


■04^ 


13379 


-mm 


flaao 


13060 


aiflO 


t42d 


leii 


ffj,mi 


MS 


^v> 


•OaO-j t«MO 


DI300 


D4JM) 


USlfl 


ii^fjo 


U675 


1R65 


D8GS 


■0963 


^13 


7K79a 


010 


1 

> ■■ --■ 


«M0,1»70 


DUO 


11140 


naos 


DM0 


naaff ■CMM 


1MS8 


HSfiO 


■MOO 


^M8 
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RATE OF ELONGAl 









or] 


;7 


■ 
Hum of lb* 
Ka:^^ of Wuek*. 


If 


li»4« 


Am 
of 


-uXXEMAKOtf Pttt vjm 


1 


1 


1 


* 


i 










L 


a 


a. 


4 


&. 


0. 


7, 


& 


££1 


J 


To»K^Ji»' CB3t-irteel for Toolt 




€04 


f» 


-asOT 




»^,T 


**T> 


«»*» 


.*» 


&S9 


1 


Jowjtt'a „ ChlMli 




40A 


'ama 


»<■■ 


• •»♦ 


*»«* 


.-.* 


«l 


6B3 


1 


BsaAEMKtt's PMent Stml for TooIl 


£; 


411 


4 *T 


4417 


,.*. 


■ ■»• 


.... 


4Mi 


411 


fi« 


J 


Jownt'a Cast^itecl for Chlaeli. 




40S 


hi 39 


!lfW2 


4 + ** 


.. tm 


«... 


13090 m 


\\m 


t 


BfasrMiit'^ Pmtcint St*el for Tooliu 


A 


410 


■4W0 


<■>* 


*>■■ 


iW® 


^OttiQ ifH 


AW 


1 


KAYLOft J£ Ckx"i CaJrt-flteiil for Rlreti 




4og 


H 46 


'4417 


-»i. 


-* ,, 


■0070 


^0091 mU 


W7 


t 


Moaa ft QAMALMgr ,, BlTeti 


& 


ioe 


■4417 


^tis 


Dite 


■oiao 


■oiw 


«J 


AfiS 


T 


Katuk ft Cq/i ,» mTeU 




407 




■4417 


W78 


■0100 


4nao 


iJliO 


uw 


M9 


t 


Katrrru ,. Boltn 




iI3 


•mm 


11135 


miQ 


"CaiB 


1*f?8 


m 


9Sa 




BTBBIi I'liATIB, 




















I 


Sa(>BtHiDGi ft CoLt Hanlened Ld OIL 


-L 


4S8 


im 


^80 




rn ■■ 


UMS 


^4085 


« 


««] 


t 


llMSET ft: Co., ^"Hanl^* Pqdd]cd. 


Ai. 


4|a 


fM« 


^90 


*..• 


...* 


^oon 


■oMe 


« 


^2 


t 


SitojintUJat ft Co., Ciat 


€; 


«D 


3SG 


^m 


*«»i ■ 


*I«. 


<iOM 


IMtt 


« 


Asa 


t 


SaoETiiiuci A Ca, Oiwt 


L. 


4i?4 


[aaa 


i36fl 


.<.^ 


■ <.* 


1W4ft 


■WW 


4» 


SGI 


X 


Ttia-ros A S<Ht, Cjut 


S.€. 


413 


osoe 


^ft36 


.... 


..,. 


DlfO 


ilia 


UJ 


56S 


t 


BLOCJijJEjt, PudaiCiL 


L. 


«a 


9 333 


fa* 


,... 




IWfii 


i»88 


m 


MS 


t 


SnoHTiuiHim ft COhf Cait 


I, 


433 


■379 




.... 


iXWi 


■ovn 


« 


5G? 




BMMTHAiur, Puddled, 


SI. 


425 


■im 


Doaft 


uoeo 


^wea 


■wao 


ti 


A6a 




Btoc?nAiiuf. Paddifid. 


S.C 


. *i7 


:m 


■OOM 


IKMO 


iJOflO 


-ooas 


<j 


«& 


t 


Mosa & OiUBLiEai, Cart. 


S.I, 


4^1 


333 


47(5 


DUO 


DLSa 


■oHa 


1J2M 


a 


m 


t 




&a 


4^ 


.33S 


All 


■0309 


1»1B 


^0480 


-ocw 


« 
















i 


§ 


i 


§ 


I 


&n 






a.L 


4S1 


'4S8 


i-m 


s 


s 


s' 


8 


1 


i»ii> 


noao 


DO&O 


i)090 


lUt 


B>7i 




Baaolet i« 8 C 


L 


43fi 


4W 


offlki 


<»14 


•eow 


iXWS 


■flO<» 


-oc 


fi73 




lAWUOOB. 


L. 


4^ 


40t 


{JG24 






DOOO 


■OOIB 


vi 


fi7+ 




fARITLIfT. 


&c 


43i 


443 


1125 


WIS 


■0031 


flOM 


i»a* 


m 


ff?S 




O GOVAJf O 


J. 


440 


m 


a796 


■tjwe 


WIT 


«lftS 


■OCk&fi 


« 


*7fl 




Ot^ntUT Best Best 


L. 


43a 


«&7S 


0^0 


..I, 




■0018 


■OOSi 


■oc 


MT 




O GdVAN o 


c: 


441 


^447 


0«2S 


>. t. 


«■ .. 


■O090 


inse 


« 


BTS 




Gmaow Bust Beat 


A 


437 


o^aa 


fJOOS 


■0018 


10086 


looeo 


4Jt 


073 




BuWLrjrij. 


z. 


451 


0^50 


■0009 


ijftafl 


•OO&i 


Doaa 


4JJ 


fiSO 




COHBETT Best B«t 


-L 


433 


t-so* 


i»ia 


Doe-i 


■oo§a 


DUO 


Dl 


,'JSt 




LLorPi^ FottTTES, ft Cot 


a 


444 


:2a 


OlXJfi 


..,. 


♦.,. 


■0005 


t>OI7 


in 


S'?!! 




Llotdb, FOBTBB, ftOOL 


/. 


445 


716 


0-W6 


.,,* 


t,t* 


^18 


^joai 


«c 


6^3 




GovAir Best 


c 


447 


547 


0^95 


W38 


iWi58 


■ooeo 


^loa 


01 


fiSi 




QoVAjiBest 
AHQXJl-IBOH. 


X. 


4&4 


Ml 


0709 


OOlfl 


iO(m 


■0036 


■0090 


<rt 


BW 


t 


Faehht. 




450 


.ma 


05S5 


^11 


iK^ 


TO4t 


1*060 


HI 


Ml! 




OLABtjaw Best JkAtr 




463 


^Ga* 


0'EI24 


<KWfl 


■oo-za 


■OOfK) 


^W90 


lit 


Sir 




E*dt* Beit Beit 




46fi 




ID2fi 


lOOW 


floao 


tJOSft 


D133 


■OT^ 


iM 




aLAitaow Boat Beat 




464 


OffiW 


-ami 


DOOO 


1)000 


■OflOO 


HO 


JiSI 




ALAiDir Beit 




4m 


o-jjm 


flOOS 


D028 


■O063 


1»00 


«u 


dSD 


L 


KAOtt 




4«S 


lUOl 


lOOOfl 


*017 


13035 


1>070 


All 



LE M, REDUCED. 
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B»-VlitM ZL-ZZZL 

:eqpt those nuurked &, which were 



reeelTed Ihxn the KekeRb 



THI LKHO'm.— SrSADf Di LBSL PKB B<)I;A£IE IKCM OF (OBIOISAL) ARKA. 




§ 


§ 


§ 


§ 


§ 


1 


§ 


§ 


§ 


§ 


§ 


§ 


1 


§ 


BwUnf 




P 


1 


3 


M 


t 


sf 


1 


s 


s 


a 


mS 


S 


§ 


g 


■tlts^l itnla 




11. 


la. 


la 


14. 


IS. 


Ifl. 


17. 


IB, 


l«. 


m 


21. 


m ^. 


JU. 


30. 


m 




1011 


iXHT 


■*KMS 


Hffl^ 


twos 


■om 


aiSfl 


1)1 iJ 


DflTO 


1H60 


<I300 


^0*40 


11381 


tW21 


<(A3» 


i4&,m 




nis 


iM50 


■OIW 


^10 


■OMO 


'09Ttt 


■om 


■034a 


^OSHS 


1HM 


D4SH 


i>sM 


-OftM 


■0653 


*e70 


i:K»,5aa 




»43 


i»ea 


tJlOO 


-031 S 


tH4» 


ijaii 


inam 


■03150 


D400 


1W53 


i&it 


DWO 






1M10 


I33,l«5 




IIW 


-0111 


lasi 


U390 


^0»0 


■0«7S 


<M>fl 


1I47(i 


flW3 


two 


U600 








1M0 


m.*4o 




»ll» 


DLflD 


mm 


fl«ao 


1S» 


1»T0 


«(|1S 


iI3S2 


U478 












-0M9 


iixm 




JIW 


ins 


•asm 


1000 


I3ft5fl 


DIIO 


-0494 


DOOO 


^If^i 












«n 


ii^xKr 




nu 


1V0 


1W» 


iWfil l-osvo 


^™> 


■ILLS 
















-l^o 


10^809 




mo 


i)M 


iiawj 


iii9g:<)47a 


■flfiW 


















■nan 


101,431 




liW 


-oetQ 


*1D<» 


I2» 


'ifrca 




















lets 


M,«5B 




>]n 


■OlM 


DllO 


<SI(J 


^SOT8 


433l> 


-OSTS 


iMJS 


■Q«Od 


imi 


■oaao 








^)9ft4 


U9,ttt8 




HM 


4M0 


<WH* 


ijaoa |DMo 


iwao 


■M«2 


W40 














«l»54 


1(«,I»0 




»o 


Itttt 


tisso 


-oasft 


iJ88» 


WTO 


"(UCU 
















tffU 


105^733 




n-w 


■atli 


tWM 


«as« 


«M» 


«iW 


















^«4^ 


lOl.lItt 




3na 


■otii 


tisii 


tKSM 


«» 


■net 


















-ja* 


98,819 




»re 


«ftii 


•wn 


tMsa 


^Jfite 




















W71 


^413 




niB 


-0390 


1S3M 


-0435 


-OSM 




















Dwa 


ff7,K* 




Ttsn 


nwa 


1M0« 


■oiao 






















DftM 


sa,m 




ym 




























iWl4| 


81,047 




im 




























UW4 
1W4 


^J,7»7 




I 


1 


1 


1 


9 


1 




§ 




1 


1 


i 


1 


f 


1046 


G3.A44 




OflCS 


Daeo 


flsaa 


aasiG 


inn 


i),V7tt 


<»:fi 


<mo 


■OflM 


■JOflO 


^IMS 


1500 








0180 


■(raas 


"G390 


^BTO 


■o<is 


^Wtl 


wio 


■08^5 


lOftA 


13T0 










15T1 


ftS.63i 




Ol«0 


11258 


laao 


*|I7 


<xno 


iW» 


lor^ 


1J933 


iiaA 












'I5C10 


57,flgl 




»» 


mid 


^K»l 


-weo 


^teSO 


Deas 


uTfra 


1)840 


■lUO 












■UM 


fi«,fi4fj 




noft 


nm 


t346 


1>«1 


<w^ 


■OffTfl 


^osaa 


1040 














ists 


»,8W 




UST 


-mu 


DBrtft 


-wro 


tJasi 


•^00 


^0646 


OtTO 














1W7 


54,410 




Ill4i 


miB 


'iWS 


1KS0 


IMie 


i»u 


■0655 
















^waa 


5a.8M 




(»7& 


■flOTCl 


1MT1 


^oeos 


1>J45 


flai* 


-joao 
















1078 


5a,3a» 




peio9 


•<Mm 


<>W0 


Dfin 


<r744 


ij&aa 


















1138 


01^1 




0940 


ijifsa 


■0M& 


1S3M 


iH«J 


XOM 


















^»90 


5IJi8 




oifir 


nam 


-0303 


0«0 






















1W74 


4fl,78» 




017« 


i»»0 


■0303 
























0843 

1J3I0 

■oasT 


4£v09« 




HUB 


m 


-mi 


■otm 


^)«» 


■owa 


i)&s* 


•0«B 


1*946 


■lua 


■1170 


'im 






-aoifi 


sa,8«8 




QSM 


^•n 


•omi 


-osai 


U740 


^tt30 


1170 


■1541 














laai 


M,9«7 




0398 


tUM 


imi 


ilK»I 


1>7aa 


<*to 


■1<W5 


•1^ 














-1811 


Haso 




DON 


Httaj 


miQ 


iT430 <HO0 


■0JJ8 


fAbd 
















tWSfl 


«,w 




m» 


■wm 


UH6 


T06W ^JS30 


iwa 


■1M3 
















tm 


88,361 




0880 


USTa 


^80 


txais ^mo 


^0900 


iOM 
















llai 


e^sn 
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EFFECTS OF DIFFERENCE IN THE 



NoTS.— All the pieew wwe taktn p n mia cw m a^ from 



' 








OKGIIAL 


lnd« 












no. 


NuMt of tb» ItolMn or Works. 


IbmnMtod. 




HUmL 


Am. 




BTaaiiBABa 






1. 

io«h. 




j 1001 


Jowirr'8 Cut^teel ftv Chlaels. 


Highly heated and oodad In on. 


J 


■97 


in 


1001 


„ „ „ 


Watw. 


-Cf 


m» 


'. 1003 


«« «f tf 


ft T«llOVlMlp< 


-u 


•Ha 


: 1004 


«» »» »» 


wtprtBf - 


C 


•a 


too 


1005 
1006 


\\ w \\ 


;; AaiiSrkmij. 


? 




•KB 


1007 


Da Da Da 


Medium beat Da Da OU. 


i 


'97 


•SHI 


1006 


t» ♦• »t 


Tanow. 


tB 


ITM 


1000 


»» It »i 


OoalTw. 


'n 


Ma 


1010 


»» tt tt 


Slowlj. 


t 


•m 


«lf 


1011 


Da Da Da 


Low heat Da Da OIL 


i 


t7 


•esM ; 


1013 


»» »♦ »t" 


TaHow. 


-60 


W 


1018 


11 11 11 


M OoalTaK 


ts 


•tm 


1014 




II ,1 Slowly. 


t 


-n 


•30 


lOlA 


Da Da Da 


High heat Da Da OIL 


i 


"00 


^ggg 


1016 


II II II 


Low 11 II OIL 


-80 


•fM 


1017 


11 11 11 


Low „ „ Tallow. 


•S 


•fai 


1018 




High „ „ SIowlj. 


t 


•m 


•809 


1019 


BnsxMBs's Patent Steel for Tooli. 8. 


Heated and cooled in 00. 


{ 


^ 


UK ' 


lOSO 


11 11 II 


Slowtj. 


•75 


nn 


1031 


Da Da Da & 


Da Da OIL 




-*£ 


IM 


1039 


11 II II 


Slowtj. 


H 


•tsn 


1038 


Da Da Da & 


Da Da OIL 




"& 


nu 


1024 


n M 11 


Slowly. 


•74 


^w 


1035 


Natlob a Go.'8 Cut^steel for Riveta. 


Heated and cooled in OIL 




"60 


•ISff 


1020 


II II 11 


Slowly. 


•75 


H4I7 


1027 


Do. Da Da 


Da Da OU. 




^ 


■1019 


1 10*28 


,1 


Slowly. 


•75 


•4417 


1029 


MoBB &, Co. '8 Cast-Steel fur Rivets. S. 


Heated and cooled in OIL 




"BS 


J019 ' 


i lOJO 


«. 11 11 


Slowly. 


•75 


•4417 ; 


1 1031 


Do. Da Do. & 


Da Da OiL 




*63 


mil 


1032 


M 1. t1 


,1 . ,1 Slowly. 


15 


•4417 i 


; 1033 


Da Da Da 8. 


Da Da OIL 




-64 


-8214 1 


1034 


t. M .1 


Slowly. 


lb 


^7 1 


laifi 


Da Da Da A 


Da Da Water. 




•63 


•3114 


1036 


M 


Slowly 


75 


•4417 


1 1037 


Shortriugb & Co. '8 Horn. Metal. 


Highly heated and cooled In OIL 


f 


"60 


•X27 


1089 


II »» " 


Medium „ „ OIL 


L 


-60 


-fBX! 


1039 


n n »» 


Low „ „ OiL 


s 


-60 


107 


; 1040 


11 " " 


Low „ „ OIL 


n 


-61 


-293S 


1 IMl 


11 »« n 


HJKh „ „ Slowly. 


s 


-63 


J019 


1043 


„ 


High „ „ Water. 


t 


•tii 


J0I9 


1043 


Mrrsbt Co.'8 Rivet SteeL 


Heated and cooled Slowly. 


I 


-48 


■I45S 


1044 

i 


IRONBABS. 


Slowly. 




•37 


•i(ns ; 


1 1045 


BOWUKO. 


Highly heated and cooled In Water. 


r 


•89 


1 


, 1046 


,, 


„ Water. 


•87 


-9845 1 


, 1047 
1048 


" 


Water. 
OiL 


-86 
•87 


«11 1 
4MS 


1049 


II 


OiL 


u* 


•78 


^1 1 


1050 


" 


Tar. 


I 


•70 


«« 



TREATMENT. TABLE N, BARS. 

VkMtwMlBPIatMZL, Y. 

SlorM, except thote marked &,wlildiwflrareeelT6dfhnn the Mftken. 
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tmiL 




JfRiOt^JftlD, 1 




KLOlfOJ^nPN, 


rmLOTDHL 


HlML 


Anft. 




flfWHttf. 


miB4^ 


& 


4. 


R. 


e. ; 


7. 


& 


9- 


10. 


11* 


la. 


la. 


Ib^ 


n* 


Indl 


ift.!*. 


•4-bi> 


leenL 


lt«h. 


lachfli 


¥«dL 


leent 




•07 

no 


IMI.803 
104,109 
11^ MO 
l»l,71« 


1 « 




-0000 
■0000 
^0000 
1KJ00 


01J 
0-0 
0<> 
01) 


10 

DO 

10* 
•02 
41 


ID 

It 
ti 

M 


Si 

0^? 
UO 
07 1 
07 
7D 


100 
100 

loo 

100 
100 
100 


A 
A 
A 
A 
A 
AD 


on 

1119 
SSL 


184,977 

1T8,W0 

ifii.wa 

mm 




-S7»4 


1)000 
DOW 

■om 


2S 

«4 
^4 


-oa 

Da 
10 
■59 


OD 


17 

?7 
5D 
77 


100 
100 
100 
100 


c 

A 

A 
AB 


iiBa 

MS 


1BS,14I 




-3379 


DI78 
<HSft 

■Oihl 




31 

-so 


JID 


tOD 


100 
100 
100 
100 




c 

AB 


MS 
81» 


1».7*3 
1M,«B7 


^59 
-ft7 

■w 


-3734 
-MfiO 


11771 

1 -QTn 


14 

341 


*10 
-4A 


SD 


3D 

100 
IBD 


100 
100 
H 

too 


A 

A 

Bf 

B 


Km 


ni,D7a 

l£l.liS 


Til 


^ll« 

■mi 




7« 


D4 

140 


tD 

eD 


0-1 
6D 


100 
100 


A 
BO 


H)T7 


its^aji 


-54 
«3i 


■wie 


<>000 


0-0 


D3 

'IB 


4^ 


0-1 
17 


100 

100 


A 


ITSO 


iia^ws 


-59 




DI03 
-166« 


M'4 


10 


4D 
OD 


0-8 
7D 


100 
BO 


i? 


l«3 
1447 


l«».9«t 


M 
^ 




■16S0 




■14 

■M 


4fl 
8t) 


311 


86 


AB 

PI 




iK^ioe 

101, All 




'J019 


1WM 
■1S9S 


•4 


10 




' i-i 

8D 


100 
00 


AB 
W 


]A«3 


i74,&ia 

101,900 






D097 
'14»0 


3^ 


DO 


4D 


8D 
13^ 


100 
00 


B 




mTSJ 


'5* 


^110 


i»ia 

■1301 


9S« 
23-4 


flO 


40 
erg 


11 ig 
11 i 


90 




14«l 


lOl^lit 






■Oiift , 
-1«SB 




4d 


4D 

BD 


10D 

iat» 





FI 
I 


090 

m9 




-63 




flOOO 
1301 


Oil 


D» 


40 
flD 


OD 

ita 


10O 
70 


A 

F 


as 


l»i,i>7 

W*W7 
01,800 
81,1^ 


■« 

-♦ft 


-2370 

-aoio 


•mm 

-WW* 
1>a69 
■im 
■0000 


6« 

IfiU 
ID'S , 
31 7 ' 
^A , 
OOU 


■10 
•44 
■67 
DO 
AS 
Dl 


4-0 
3D 
1-8 
ID 

3D 
2-A 


i-0 
147 
30-4 
314 
»0 


OO 1 

m 





lOO 


F 

FI 
Fl 

I 
I 
A 


ifift 


91W 


<I7 


-Milt 


^7i 


417 


D4 


8D 
BD 


0^ 


19 



Fl 
1 


iitt 
WW ! 

flST 
MO 


71,>S 
TI,UO 

6M41 




ion 

^4417 
■M70 

-zwo 


1149 

1038 


3157 
447 

157 

40^ 


IDO 
ODa 
IDA 

IDS 

i-ia 


6 

1* 
11 

tf 


fOD 
lS-4 

I8D ^ 
9ID 
32-4 1 




Or 





3 


P 
P 
P 
P 
P 
P 
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EFFECTS OF DIFFERENCE IN 

Nom— AD the ptewa wen tfJcan p r a m item o mh f from Engtocew* or Mt 



Indei 


RftmMoftb* llaktnor Wockfr 


BomtntAtd. 


ouai 










UamL 








1. 1 




IBOHBABB. 




Inch. 


^ 


1051 
106S 


tf •» * 


Caw.btfdened in ftinuuw, o, eoolad in OQ. 

II a, „ Water. 


74 
•77 




lOM 
1064 


Bbadlst & & Scnpi & 


Da Da a, Da OIL 

.1 a, „ Water.. 


•75 




1055 
1056 


LOWICOOB. 

»• 


Da Da a, Da Oil. 

„ I „ Water. ^ 

Da Da a, Da OU. e 
II «, II Water. 1 


' 74 




1057 
1058 


OlasoowB. Best 

It «• 


71 
7J 




1059 
1060 


0LA8Q0W & Best 


Da Da A, Da Slowly. •§ 
Da Do. a, Da Slowly. 

II II ^ 11 M 


70 

-to 


i 


1061 
1062 


BOWUHO. 

II 


•67 
71 


1 


1063 
1064 


Bbadut & & Scrap. & 
II 11 ^• 


Da Da < Da Da 
II II /i II 11 


«7 
•88 




10A5 
1066 
1067 
1068 


BowLora 
II 


Da Da e. Da Da 
1. / ,1 .1 
1. ^ 1. 
.1 /. II II ^ 


•87 
•89 
•87 
•88 




1069 
1070 
1071 
1072 


PoBT-DmrDAB Ex. R Best 


Da Da e, Da Da 73 
Da Da r, Da Da eS 


•88 

•87 
•88 
-88 




1073 
1074 
1075 
1076 




•87 
■88 


< 


1077 
1078 
1079 
1080 


DCKDTTAN. 

i» 


Da Da e. Da Do. 


■88 
•88 
•87 
•88 




1081 
1082 
1083 
1084 
10»S 
1086 
1087 
1088 
1089 
1090 


BLOCHAniH Best c 
Off one Bar. *' 


"Cold-rolled" at the Works by Mr. Lauth. 

11 H 11 

Do. Do. and annealed. 
In the ordinary conditioiL 


76 
76 
76 
76 
76 
77 
77 
'71 
76 
•83 




1091 
1092 
1093 


Glasgow B. Best. 
Off one Bar. 


In the ordinary condition, & temperature Gi*. 
Exposed all night to intense frost, and broken ^ 
in Uie morning; thermometer at 23* Fah. > 
(Refer to Table T. 1536-1541) 


75 -4 
73 -4 
75 i 

1 


1094 
. 1095 


Glasgow B. Best 
Off one Bar. 


In the ordinary condition. 
Brought to a "welding heat," and cooled > 
slowly without being hammered. f 


75 

73 


4 

•4 



ATMENT. TABLE N, BARS. 

MiaPtatMlL, ▼. 

except fthOM marked &, which were recdTed from the Meken. 
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i 




rftAOTVUD, 


IHibmm t«iw9i& 


■LOirOlTIOH. 


fUAHfitKM. 




UlA^. 


4qL 




P*rt kn columji J<J, 






4, 


ft. 


6. 


7* 


8, 


a 


10, 


n. 


la, 


IS, 




n» 


Inch. 


•q.UL 


■q.liL 


IP cent 


iiielL 


IllchlA 


llcvbt 


^tait 








■77 


11 M 


DIJS 
^0000 


37 

OD 


■17 

■11 


41» 
4-0 


4-S 

37 


100 
iOO 






ftl.M7 


7fl 


: -Mas 
■ai7 


two 


3-* 

0.0 1 


no 
■li 


40 
40 


60 
SO 


100 
100 


k 

k 






-14 
7* 




0000 


37 


•IB 
■14 


41> 

10 


6^ 
3^5 




mo 
rao 






71 

1 ''^ 


4071 


^OlBO 


04 


4i 

■10 


4-0 
4-0 


3^ 


40 

06 


mo 






■^7 


:i4ji 


-0**7 


ni 

01 


'fft 
■M 


40 
41> 


JI7 
140 


80 

ao 


o 





W.aT4 




•33 »e 

-3t)32 


•0310 




■43 
•36 


4^ 

*0 


10^ 
00 


IDO 


m 

m 




4t,g«o 




«T4 






-33 

*13 


4^J 
4t) 


8-3 
9-i 


100 


1 
1 






■to 




•oa?! 


4^ 

4-6 


'47 
'13 


4^0 

40 
40 
40 


117 
to , 
0-a 

31) 


100 
100 
100 
100 


IB 

in 

m 






■m 

-Bfti 


'*3I0 


D773 
1)000 

uwo 


127 
3^ 

Ofl 


•M 
fl6 
iJ3 


BO 

&-0 


130 1 
40 
11 
00 


too 

100 

ear 

lOOr 


mn 
EDn 
ug 
m n 






^7 


-5674 

Mia 


■0271 
1H37 

DOOO 

■ma 


4< 

ftn 
ou 


*> 
'17 
■11 
t)7 


AO 

ao 

oo 

60 


flO 
34 

14 


100 
100 
100 
100 


torn 

a 

n 






<7 


*na 

-&94A 


-OSTO 

-om 
woo 1 

■0000 


4M 


■43 
1* 
'10 
-03 


3iJ 
60 
filJ 

ao 


3^ 
30 
30 
0^1 


100 
tG&r 
lOOr 
JDO 


• 

H 




7S,4fl6 

7a,»i 

0,07 


no 
■as 


^1» 
■SSW 

■saw 
•asar 

-Wt7 
-3376 


■ins 

^l«14 

■no* 

•17118 
17€S 
■IS80 
■1*30 
■3103 


377 

3fr7 

377 

4511 
47.a , 
431 


04S 

om 

0-«8 
071 

076 

im 

144 
1-33 


6-0 

as 

fi-a 
aa 

&'* 

6^ 


17 
107 
IKO 

lao 

If 4 
130 

a.'^o 

33^ 
















P 

P*l 

P« 

pq 
P^ 




A4,M 




t4SI 

^a4 

-3641 


■loss 


14^ 

3^^1 
4011 


1^ 
l-Sl 

1-ao 


as 

fi-O 

a^ 


340 

3ao 


, 









M,firH 


m 


-»wa 


■1063 1 


is-a 


l-« 


fl-3 


aa^ 


s 


q 




fli,47T 


•m 


^10 


■lltfS 


art 


11* 


fl-S 


l?7 


18 
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EFFECTS OF DIFFERENCE I 



Kon.— All the plecM were taken fromi m mot ul if tram Engineari' o 




OBieiKAIt, 


DUnetar. 


ArM. 


1. 


a. 


inch. 


■q-ln. 


1-00 
1-00 


■78M 
•7864 

•7854 


1-00 


78M 


1-00 


7854 


1-00 


78S4 


1-00 


•7854 


l-OO 
I-OO 


•7854 

•7854 


KH) 


7854 


MS 


•9808 


1-00 


7854 


1-01 


•80U 


1-00 


7854 


1-00 


7854 


•76 X -7S 
•7«x -65 


5700 
•4940 


1-27 
l-OI 
0-75 


1-2668 
0-8012 
04417 
0^2124 


1-OOx 1-00 
1-02 X 1-02 


1-0000 
1-0104 


1-00 
IDO 


07854 
07854 



1006 
1097 
1098 

1099 

1100 

1101 
1102 

1103 
1104 

1105 
1106 
1107 
1108 
1109 
1110 



1111 
II12 



1113 
1114 
1115 
1116 



1117 
1118 



1119 
1120 



Crank-ehafk (A) cat out croaswey and fbrged down. 
Da 



Da tarned down; \ieated and^ 

cooled bIowIt. ) 

Da heated and cooled In water. 



Crank-ehaft (B) cat length, heated and cooled In water. 
Da Da withoat being heated. 

Armonr-plate cat cross, heated and cooled In water. 

Da Da withoat being heated. 



OOTAV B. Best Rolled-bar. 
LowxoOB Da 

LowMOOB Da 

Fabmlet Da 

Fabnlbt Da 

BOWUKO Do. 



{1 



{if r Sm 

(latTriaL ^^.^^ 



{J 
{1 
W 
{I 



(UtTriaL ^§gE^ 
(l«t Trial jl-^i 



Square, ordinary state. 



<^ GovAir <^ EoUed-bar. 

All cut off oiw Bar U inch diameter, and after reheating, 

rolled down to li, 1, |, 4, to note the effects of 

additional rolling. 



GoTAK Hammered-bar 



Da 



Sqnarc, 1 inch. 



Tamed down ft-om 1| in. sq. 5. 



& 

Ua 

1319 
1104 
1076 

HAS 

476 

1147 
919 

690 

647 



ini 

1704 



1919 
ISiO 



1371 
1318 



U04 
ISO 



1947 
960 



860 



2H9 
1318 

1» 



2083 
1932 



IfiW 
1475 



;atment. table n, bars. 

fMisPlatMn., Y. 

except tbOM mariced &, which were recdred from the MakeriL 
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lOTTJEKD, 


PUhnnea twtVMU 


XLDMeATIOlf, 


i 






OrV^iuf d- /y«tw4d 








*m. 


!»■. 


AtMl, 


I»rtbi«alniiiaia, 


CiTAt&UlM. 


RlBd. 


, 


6. 


7. 


e. 


». 


10. 


11. 


i* 


13, 


1. 1 


WHO, 1 


■q^te. 


Icont 


iJWh, 


UlChK 


iicenL 


V^ot 




1 


<^o* 


-law 


17-3 


n» 


«ft 


lio 


40 


1 


\ 


^7139 


iDei« 


7-9 


0^ 


65 


sa 


AO 


I 


i 


-row 


DTSS 


9« 


0-5« 


en 


Sfl 


M 


* 


I 


«oi 


law 


nt 


0-S7 


e^ 


134 


3a 


a 


i 


^TBM 


1W0O 


00-0 


0« 


«-* 


<« 


100 


r 


1 


<aii 


1199 


\%^ 1 


1116 


flift 


16^ 


la 


n 


r 


^M5 


-isw 


H^ 


1^ 


en 


»^ 


n 


fi 


I 


TMS 


«ii| 


4tl 


(MO 


t-o 


« 


tt 


ef 


1 


75U 


KlU 


•u 


0-24 


*o 


au 


la 


cf 


r 


^net 1 


iM9 


s« 


038 


«n 


4B 





1 


n 


taa 


1)M» 


i7 


109 


ft-0 


nn 


ss 


U 


V 


<Uft] 


4*n 


4«4 


*7i 


»D 


B3^ 


ft 


-7S« 


-Mia 


6^ 


o-sa 


7* 


77 





P 


V 




*431S 


Wi 


aai 


tu 


30-« 


b 


73M 


■wsw 


TT 


o-ja 


70 


lit 





F 


/ 


'»ae 


44S<I 


MH 


3M 


70 


t0« 


If 


^M3 


^11 


4<l 


0-fll 


7« 


7n 


« 


P 


/ 


HfiW 


'43aH 


to"l 


918 


711 


III 


k 


^fiSSf 


-]4I» 


J90 


: O-TI 


7D 


111 





P 


/ 


<s»a 


-4tU3 


a« 


su 


70 


»« 


■so 


^MO 


1B150 


6&^ 


15^ 


a* 


«1 





N 


^ 


-^6*0 


-8900 


16^ 


1« 


0* 


U-4 





N 


\ 


«S«fi 


^SKW 


10^8 


1^ 


eo 


as-3 





P 


1 


^4011 


^MI 


«'l& 


i<a 


«0 


se^ 





P 


\ 


«I0 


■SSOT 


4058 


1:51 


Efl 


as-a 





P 


r 


^1077 


■IMI 


49^ 


1-43 


eo 


M-B 





P 


-17 


■ao23 


I'm 


m 


1-M 


en 


lfii» 





r 1 


7a 


■ftoas 


'iT79 


4&:i 


\^ 


6« 


aa^ 





r 


r 


4«VT 


-aWT 


iO-7 


IW 


7-7 


aoi 





r 


' 


4Wl 


'37aa 


li-l 


aiA 


io 


S6^ 





r 





xn 



EFFECTS OF DIFFERENCE IRH 



Kotx^-^AU tlie plecei wen ^ktn prstmitcmmaUp from liigi2ii«r«l^^ 







oet<]i][4U 


MA " 




ffutt«orUk«ii*3k*N«rirerte taibowTHntiii 










M. i»W 






AkitMJi 


Ank 


xm. *• 






1. 


a. 


3. 


4 




tBOZl It^'^mB. 


Ilkcb. 


m,\&. 


Aa 


1 


im 


Qlu^ow Beit Boiler* OrdliitTy. L^ 


IftB X fine 


-313 


ua 


41 


jisra 


GftiT»ii»d. u 


-IHx » 


^;n 


81 


41 


]i^ 


„ „ Ordiniiii'. G 


100 K " 


-MO 


m 


# 


nu 


^ Oilrtnliftl & 


"IPO K „ 


«o 


7» 


€ 


IJSfi 


Da Da OfdlauT* I* 




H?0 


>» 


4 


im 


OainBlHL L. 


^0 


m 


4 


im 


„ „ OnUnwT. C 


^tnx»io 


■47< 


m 


4 


lias 




-satK ^ 


■*7< 


m 




JTiO 


^fx „ 


-rao 


m 




1130 




«7«x ^ 


•m 


lU 




1131 

urn 


;; ;; onunaj. a 


Stix „ 


■no 


BS 




GUfULUad. C 


-S7A K „ 


?iO 


Mi 




1J3I 


Da Da DnUury. C 


(Wx " 


w» 


an 




IIM 


Gilnnlied. d 


'IM X 1^ 


^03 


tiT 




ii» 


Bu>CBAit¥ DmL Co]d-Tdai)d It Workit l^r Mr Untb. S. L. 


■ftSSicStXI 


*m 


1U9 




llfO 


„ tt Da, an<l thenaimcAted S,U 


-S^X „ 


^IM 


m 




im 


„ „ Unjliiftry state &. 1* 


-346 ,< " 


«0 


iOi 1 


w 


■SMx „ 


^Tfi 


i»? 1 


1130 


„ „ Do, And theti AntuulKL S. C. 


■asix " 


■iflO 


fii 1 


1140 


ETXSIi FIiATlSB, 


^lix „ 


-«o 


'V 


IHL 


Blocsaoit Paddled Steel, Ueftted uid coolod Iti OU. ^ f 


too X a«o 


«a 


la % 


U43 


,. M ,1 


^80 


H« ^ 


1143 


Da Da Da Da In Oil « f 

Soft. ^1 




^3X0 


m 


III4 


» i< il 


^380 


m 


lUT 

11« 


Da Da Da Da In OIL - j 

Soft * i 


II ^ 11 
1. X 11 


■380 


ii« 


IHT 


Da Da Da Da in CML * f 

Salt *^i 


1. « « 

II X I, 


«0 
980 


1J0I 


J14» 


Dol Do. Da Da Id Oil. « J 

Soft. *1 


II 31 1. 


^3«f) 


it4l 


1150 


II X „ 


^ao 


no 


IIAI 


Da Da Da Dfi. In Oil » i 

Soft. **t 


*i X 1, 


-380 


itm 


llfii 


11 M II 


^S90 


m 


11 U 


Da Da Do, Dol In Water. «, f 

Soit ^ i 


II X »> 


-380 


m 


lU* 


n X » 


^m 


iild 


11&5 


tIeuvTCa "HUr Puddled 3t«l.beAt?dULi| cooled 1 n oa „ f 
» M *♦ Soft *i 


■a*oxSiJO 
-aaoxaiM 


-wo 
-wo 




HOT 


SuovmtiBit A Go. '* Eoma" Sted, tieated uid cooled In oa J 
*, „ Soft. ■[ 


*I9Q X €i» 


^BO 


[SSI 


HAS 


II xi-w 


:r? 


m 


ij.<^» 


Do. Da Da Da In OIL f 

Soft 1 


,, XM» 


■sm 


iW 


IICU 


„ X2t>3 


■3tK> 


#:* 


iim 


Dol Da Da Do, In OU. J 
MM Soft 1 


„ jt2i» 


390 1 


|3i» 


im 


>. xai» 


2dO 


Alt 


1IC3 


Da Da Da Da in Oil j 

Soft, 1 


M xa-oo 


■tW 


m 


U64 


,1 X 1*7 


^U 


m 




BTVISTTSD BTXJUj FIiATXS< 








n«a 


SBOHHiDaR&Co, *'Iloma" Steel 

II ti _ , 


WLotc Plato. 


■»90 K SDO 


-aro 


m . 


ie« 


Cet&JolDedwlchSKiTvti. 


IS 


^901 


m J 


m 


, If It ^ It 


a 


■*«i 


SI £ 


lU 


n "1 


: »» « 3 IT 


■4S 


-290 




ite 


I *' 


-61 


'4Wa 


ino 


♦' M * It 


^ 


*4M E 


]J7i 


" IP " M 


^ 


IS! 


S!f5i 


im 




&l 


1171 


Da Do, ^ fDa Da 1 „ 


*4S 


^'^ £S 


nn 


f1 II "^ ** m ^ Tt 


■43 


w ^ 


IITA 


^^ O 9 
II w S 5 " " q '^ 


■fid 


■laa^ 


7Sl fS 


iii« 


^ 


■493 


TSB 


*^S» 


' un 


M 11 t " ** ' '^ '*** 


-fl^ 


»a 


iSI 


1 1IT9 


^mj 


iin 


=3 



MENT. TABLE O, PLATES. 

piaimiil, ly. 

: those maxked &, which were neeiTed firom the Meken. 
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mxA. 




JELOItaLTION. 


laiOTOBm 










im. 


Anu. 


pnrtbiwbamilD^ 


OlTtlAlIlH. 


Klii4 ' 


«, 


7. 


B. 


9* 


10. 1 11. 


1 ^=* 


la 


•q^la. 


wtln. 


V cent 


tDCtL 


Isdua. 


Veent 


l«nt 




^106 


Dl« 


4^ 


"le 


5-$ 


3^ 


3 


w 








'is 




S^ 


s& 


TflT 


^Mi 


1»li 


M 


'10 


^^ 


1« 


4 


w 








-ji 


^^ 


3-0 


15 


w 


m 


1933 


7D 


■17 


^ 


3-0 


i i* 


w 








■eo 


K* 


au 


Bf 1 


w 


<TO 


tK« 


I'd 


-04 


*t 


0-7 


V^ 


TW 








1M 




07 


60 


T 


7OT 


«7 


e^ 


11 


^^ 


ii 


334 


TW 








1* 


ti 


4^ 


30 


TW 


TiO 


1»]0 


Vi 


■00 


>t 


M 


1 9a 


T 








IM 


^j 


07 


3M , 


TW 


-90$ 


HM 


1-6 


Da 


,^ 


M 


34 


TW 








W 


« 


07 


45i' 


TW 


*4GA 


an 


a^ 


Dl 


TU 


Orl 


M 


E 


-SM 


^m 


IS^ 


^1 




Sfl 





U 


«»l 


DOO 


14:3 1 


^ 


*t 


44 





u 


-ITI! 


iN» 


OiJ 


ik) 


»♦ 


OD 


W 


B 


^4n 


im 


7-3 


'40 




6i» 


1 


U 


-ew 


itu 


T7 


-» 


" 


i« 


1 
Onjinlv, 


u 


«7fl 


1304 , 


11 


IM 


fl^ 


O-O 


' ea 


Al 


an 


fiO» 


aj 


'15 


t» 


37 


79 


AI ! 


-JTS 


DU 


1-J 


IM 






14 


m 


At 


-963 


■HIT 


4i> 


-38 




H 


ft-O 


u 


1 


fr* 


^W 


1^ 


W 






]« 


19 


I 


■3W 


t« 


OH 


14 




1 


rft 


ft 


J 


■37* 


W5 


«« 


tKi 






IH 


03 


At 


^«(l 


«L4 


a-T 


-n 




* 


41) 


83 


At ! 


^m 


Ifl* 


sr-a 


ft 




^ 


4^ 


DO 


J 


^« 


1)04 


t^i 


u 




1 


31 


U 


AI 


^1 


laa 


TH 


-33 






4-3 


33 


At 


■m 


isa? 


TV 


-la 




, 


3^ 


2a 


t 


^mx^ 


'000 


0-0 


-w 




^ 


0^1 


m 


AI 


^m 


-cm 


61J 


■afi 




, 


47 


8^ 


AI 


-m 


-100 


HTO 


■4a 






en 


00 


J 


M17 


iK> 


is< ; 


■3e 




! 


64 


» 


i 


■ni 


INM 


1^ 


iW 






14 


too 


A 


«T 


DSI 


i-B 


13 




1 


«« 


100 


A 


«» 


im 


30-a 1 


fla 






fin 


96 


AD 


^ra 


ifti 


3e« 


« 




^ 


131 


00 


F 


«a 


1»7 


97 1 


-31 






ft7 


08 


AD 


-mm 


1W 


«'& 


^ 




, 


107 


00 


W 


4M 


aao 


13-3 


■54 






i^ 


3& 


AD 


-Mi 


■m 


313 


■39 




f 


IT7 


00 


Q 


s 1 ^ J " 

H 5 1 S 

34 « H ''^ , 


Tvt iicada drawn off 




Jveta ibeurad or cat through «ntr& 
I>ct da lift 




Do. wb{i1«, 1 coimcr of botZt plat^a hnksn oE 




Da M 1 pi^tct brokea ULrom{h coatfe of Iwlc^ 
Da „ 1 ,, do. doi 




D(t ., 1 ;, do. do^ 




fvflti iburad Of col thnragh centre. 




Da da do, 




Da da da 




Do, do. dot 
Do. da dd. 
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EFFECTS OF 0IFFEREN4 



NonL—An tiia ptocw irtrt takan prww l t fwwui^ from Kng l num < or 1 



Indn 






OBianrAU 


Wolgbt 


BRMAEXSQ 1 


Hmbm of tlM ItolMn or Works. 












Ifo. 




Dlam. 


Arm. 


on 


TotaL I 








1. 


2. 


a 


4. 










Inch. 


■q. in. 


Iba 


Uml 




ISOl 


GoTAV Hunmered-bar. & 


A. 


070 


•8848 


1033 


37.994 




laos 


tt ti tt 


B. 


0-70 


•3848 


663 


97,606 




I90S 


ft ft i» 


a 


l-OO 


7854 


1690 


66.390 




1204 


LowMOOi (hardett bar.) 


A, 


0-73 


^184 


1047 


38.386 




1905 


tt tt 


B. 


078 


•4184 


738 


29.S04 




1206 


tt tt 


a 


1-00 


7854 


1504 


51,182 




1207 


BowuHO (iofteat bar.) 


A. 


078 


•4184 


676 


S7.998 




1208 


It tt 


B, 


072 


•4071 


491 


99,818 




1200 


tt tt 


a 


l-OO 


78*4 


1332 


46,086 




1210 


Bbadut*8 B. a Scrapi 8. 


A. 


070 


•8848 


758 


30,294 




1211 


tt tt tt 


B. 


070 


•8848 


638 


83,994 




1212 




a 


itw 


7854 


1347 


4fi.786 




1218 


Da Da & 


A, 


070 


•3848 


783 


99.594 




1814 


tt tt tt 


B. 


071 


•8958 


658 


94.694 




1215 


ti ti tt 


a 


l-OO 


7854 


1359 


47,133 




1216 


<^ GOTAM ^ 


A. 


070 


•8848 


640 


96,690 




1217 


ti tt 


B. 


0« 


•8789 


443 


91,440 




1918 


It It 


a 


1-01 


•8012 


1818 


49,974 




1219 


Da Da 


A. 


071 


•8956 


676 


97.998 




1220 


„ tt 


B. 


070 


•8848 


683 


93,994 




1221 


tt tt 


c. 


1-08 


■8171 


1961 


47.178 




1282 


Olamow a Bert (softert bar.) 


A. 


070 


•3848 


662 


34,806 




1223 


« M l» 


B. 


070 


•3818 


505 


33,210 




1224 


„ 


C. 


0-98 


7543 


1248 


44,014 




1225 


Da Do. da 


A. 


070 


-3848 


5G2 


24,906 




1*226 


tt «i »» 


B. 


071 


•3958 


533 


23,994 




1227 


t« ti »» 


a 


0-98 


7543 


1248 


44,014 




1228 


Do. Do, 


A. 


070 


•3848 


761 


30,378 




1229 


„ „ 


B. 


70. 


•3848 


640 


26,690 




1230 


»» It 


a 


lOO 


7854 


1347 


46,786 




1231 


Da Da (hardest bar.) A. 


071 


•3938 


790 


31,190 




1232 


11 II tt 


B. 


070 


•38(8 


563 


34,806 




1233 


It tt t* 


c. 


1-00 


7854 


1382 


47,766 




1234 




A. 


073 


•4I8i 


704 


38,782 




1235 


II II 


B. 


073 


•4184 


597 


25.786 




1236 


tt 11 


a 


1-00 


7854 


1304 


45,582 




1237 


PoBT-DuiTDAfl Ex. a Best 


A. 


071 


•3958 


588 


23,994 




1238 


II It 


B. 


070 


•3848 


351 


18,898 




1239 


II tt 


C. 


109 


•9332 


1162 


41,606 




1240 


DuMDTVAH (common.) 


A. 


078 


•4184 


ff76 


27,998 




1241 


11 tt 


B. 


073 


•4184 


619 


36,402 




1243 


ti tt 


C. 


1-02 


-8171 


1190 


43,390 




1243 


LOWKOOB. 


A. 


077 


•4657 


890 


33,990 




1241 


" 


C. 


1-00 


7854 


1433 


49,194 



















THE SHAPE. TABLE P, BARS. 

^ except tb€M mnfead &, whidi wan neetnd ftOB the Hiken. 
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OBDKB 






rBAOTUBXD. 






OBDKB 




FBAOTDBB. 




















nv 




II 




BUC0B88I0R. 




ArMU 


DUte 


«noe. 


BUOOBUION. 


OrjtMUm. 


Kind. 


i 


& 


7. 


a 


9. 


la 


U. 
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Ki^iraAtion, 


FBACTtlBB. 1 


Column 1& 


Oiy. 


Wlwv. 


9. 


10. 


11, 


IQU 


la. 


14, 1 


15. 


19. 17, 


la 


li. 


«L 


SI. 


llH. 


Ib& 


Eb« 


lEM. 


1Pct«**iiL| 


toebM 


IlL to. 


la. 


»€L 


1*S 




•it4H 


U,96M 


».3S«1 
4,809 
6.MJ 

7,8iJj 

a4.409. 


$.m 


111 

SiS 
117 

4U9j 


IT* 


nsi 


791 

■40 
■96 

•27 

■u 


40 


60 


• 7 


48 

8B 
40 
18 

15 


solid 

ioJld 
wild ft weld 
H)lM£wt!]d 
•DlM&wdd 


#CU3 

3s,yro. 


i^m. 


Ii.ira5i 

IT.rai 
93. ASS 
3^893 J 


18,176 


201S1 
881 J 


KW 


0-^M 


761 
■33 J 


8-0 


73 



9 





SOUdftlTQld 

•uildftweU 
weld 

wold 


ei,ioai 

681,816 
66,891 

ifli8a4 


li,M» 


4.601] 
4J97 

ia,m 

1^901, 


i,6a« 


771 
71 

311» 


m 


0-wi 


■fiOl 


«0 


B? 




1 

18 
05 


BHUd 

Mild 
ulld&wdd 


617,190 


ffpUl 


1.730 
1,443 

9.73^ 
21,436. 


8,607 


9^1 

17-6 
37^ J 


1 


oeaa 


1^1 
1-W 


H 


81> 


106 




46 


Qnii 

es 

38 


nUd 

»1fd 

solid A weld 

Wt»ld 


ii4yiaa 


^U9,"n» 


, 4flte?JS 


>.SM 


45-0) 


H% 


am 


SH 


6-0 


0^ 


■oUd&weld 
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SUDDENLY AP 





Hon.— AH the pleees were taken promUtuotatf frtmi H^of^mt t 








UmtVAU 


W-lfW 


etTDDBIi 


piucTrmniiii 


mm. 


BiHH«fiiMiiiten«r«M 


kM. 


















( 










DIM. 


llH. ^ 


jirt. 


FtfhtlB. 


u«»». 


^ 










1, 


«i 


a. 


1. 


a. 


& 










iMll. 


»q.Ui. 


IbL 


Ibfl. 


iBdL 


««b. 


« 


mi 


Baamlpt ® 


A 


11)0 


'TSU 


lam 


^i4« 


^/ 


^aai} 1 


is/sa 


n 11 


*i 


n 


II 


J3U0 


601NA 


^66^ 


^4SI 


t 


um 


(» tt 




II 


ti 


IQTO 


4a,M» 


^e^ 


:3iifi 


1 


ISO* 


■1 11 


11 


11 


T* 


lUT 


«,fiTO 


^f 


4^7 


1 


\m 


B«4Ii(tKT a a Scraii. 


S. 


I'M 


^Tm 


X*W 


57,(09 


^y 


-till 


d 


UM 


«1 t1 


u 


\^ 


7»4 


llil 


W,9» 


W 


4on 


1 


IbOf 


BXAtiLn s 




0^ 


-eaao 


762 


48^Sr74 


«7r 


^M5 


1 


um 


T* tt 


mTtioL 


0«> 


^£330 


f -re* 


iS,f74 


^i 


4ti^ 


J- 


lAW 


11 n 


M 11 


«Vi*a 


€v 


VII 


* 


1510 


LOWKOOB. 




i-oa 


w* 


I3S3 


fiQ,07l 


"TV 


■4(m 


jt 


latl 


♦I t* 




9* 


II 


1047 


46,874 


'Sf 


■*iyn 


\ 


1513 


II 11 








IMT 


4lk«74 


^M 


IIJJO 


1 


l«ll 


II M 




n 


,,, 


1047 


in^ir** 


■7(y 


'X»|g 


^ 


tM4 


II t* 




n 


It 


ym 


4f^fl43 


^>li 


^04 


* 


IftIA 


** *i 




n 




033 


14,8 £fi 


i«» 


«fitt 


■; 


IMS 


M 1* 
1* 11 






tt 

Tl 


lOi7 


4&f43 






J 


lAtS 


If 11 




tt 


t| 


1376 


bJjOSB 


^ 


■0630 


i_ 


yi* 


il 11 


UtTtl*L 






f 933 
tlM7 


H8I0 


^3i 


^^ 


- 


III3C 


11 n 


'Jtl .1 


" 


" 


tM,Wli 


W 


40|t 


i 


mi 


Bowiiwa (feonoit bnr.J 




LHO 


7SU 


lOIT 


4a,m% 


>9»i 


<nD 




153f 


6tAMKm& Iket 


Ijt Trial 






f T0& 


HSS2 


-96* 


TtM 




l&!^ 


" fi 


S *■ 


i-oa 


■7»M 


i7« 


4*77* 


-989 


«OHa 




iiu 


H »■ 


fi '' 






1 B^ 


4fi,%*2 


7y 


4117 




1&» 


*« ** 

11 It 




OSS 


^GBS 


1 033 


45.7tB 


^5^ 


^14 

44n 




Ifi^ 


II It 


Ut i» 


iw 


7154 


llM7 


4S,«74 ! 


■sa* 


«i^ 




IB3& 


II 11 


u » 


(1M7 


4e,jrT4 ; 


1i7# 


'£»45 




1330 


f* 11 




^, 


ti 


UM 


5(^90& 


■flf7f 


•^1^ 




1530 


it 1* 




,, 


it 


Ji76 


M,03B 




1M5 




10^1 


n *t 
II 11 




QVft 


-75*3 


ll&l 
1(H7 


Aft. 131 


^ 






LAOa 


li it 




TT 


>i 


1M7 


fi0,aeo 


-7^ 


vKHl 




I&34 


11 li 




IT 


^, 


069 


47.^44 ! 


^2^ 


'4<3C» 




J£U 


II 11 




11 


14 


Ma 


; iA,e6& 


to* 


-6&t« 




oar 


Da Dd. 

Tempersltiro 

64- Fab. 


Si 


07fi 

Tt 


1417 

11 
11 


478 
4(H 
4^ 


4U,94a 

4&,oei} 








\sss 
mo 


Eipoetd all nttfh i to Intense froit, 1 3 " | 
■nd broken In the momluf, ^&^z 


ij^e 


U\1 


47S 
4S0 


4^,060 


:^ 


■af>4s 

13359 






TT 


Tl 
II 


05 


41^ LOO 
47,^33 


-71* 




1543 


QLisaow & Bcsf. 




07fi 


■UI7 


A34 


51.389 


^•^ 


-JIL^ 




I&44 


fi ^t 




It 


11 


4TS 


50,;135 i 


m 


^^TM 




ima 


Baosaix. ff JB 




j-ja 


1-2271 


17© 


*%m \ 


iW 


ii4se 




l&M 


CUIIK-^IHAFT B cot ODt ICDgtll Wej, ttUtlQd. 


KW 


-7851 


7GL 


U.ff7li 1 


«tr 


e^Gi 




IMT 


^i » il tt 


,-, 


im 


HOJK 


704 


3*,9K3 


«y^ 


««0 






n 11 il f* 


IT 


t. 


ii 


e7fi 


34,944 ' 


^ 


'liha 




il 11 M «* 


11 


„ 


tl 


e<7 


^»31 


^^ 


Toat 




la&o 


11 li If It 


m 


II 


II 


590 


3t,339 


1% 


^54J 


- 


1 














— -rs 
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liote marked <8L, wtiieh were reoeired flrom the Maken, 
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H, 


OSADUALLT 


.So 


^=^= 


PRAOTUBB. II 




APPLIED 








bof 


BRBAKIHe 
8TRAIH. 


RBMARK8. 


Cry.. 


Kind 


11. 


UL 


la. 


14. 


10. 


le. 


17. 


»ct 


Na 


llMl 


»ct 




9 cent 




4S-8 ; 


186 


66,004 


108-6 


Broke gnAxuDjt rerj wann. 


Or 


L 


44-0 1 


184 


57,787 


105-3 


Da do. da 


Or 


L 


41-8 


186 


66,004 


891 


Da rery dowlT, da 
Unbroken. 


Or 


L 


»-& 


134 


57,787 


84< 


— 


■~ 


88-4 


137 


89,998 


951 


Broke gndoaUj, rerj werm. 


Or 


M 


40« 


188 


59,570 


88-9 


Da da da 


Or 


M 


8-3 


147 


61,714 


79^ 


Unbroken, lengthened -OH inch in 3 hoora 


60 


X 


19-0 


146 


03',344 


78-4 


— 


— 


«-o 


146 


62,344 


80-4 


Broke gradoallj. 





Q 


KH 


106 


62,635 


94-4 


Broke gradnallj. 





P 


%\n 


108 


59,330 


82*4 


Da da 





p 


»-9 






82-4 


UDbrokcn, rcitln^ on btoct 


— 


— 


28-6 




^ 


82-4 


BrQitij irraduaUy. 





p 


31-3 






79-0 


Uti broil E?D, 


— 


— 


19-7 






75-5 


UnbrokexL, no perceptible inct^aic in ll lioam 


— 


— 


is-s 


106 


^Z 


74-8 


Unbrukcti. 


— 


— 


15-3 


107 


81-3 


Reiting on block, irorpttl aeeMtn tally, 

Unbroken, nDj)«t<!i!ptlbk deqreu« wiih gyriUn off. 

Broke Tery(pf»dii»llj* 





p 


80-4 


105 


6M66 


87-5 


— 


— 


15-0 


107 


60,060 


74-6 


— 


— 


319 


tf 


w 


81-3 





p 


«-4 


124 


58,678 


83-3 


Unbroken. 


- 


~ 


101 


215 


59,569 


6I< 


Unbroken. 


— 


— 


2S-4 






71-8 


Unbroken. 


— 


— 


28-3 


*' 




78-6 


Broke. 





s 


17-6 


217 


561121 


81-4 


Unbroken, retting on block. 


— 


— 


U-6 


^ 




81-4 


Bn.kv. 





s 


14-8 


214 


59,569 


821 


Unbnjkeii^ r^iiir*ff on black. 


— 


— 


23-6 






821 


UnbrokifTi. 


— 


— 


12^4 


2Y3 


OQ^Sl? 


837 


Droit e (fracliiAlly. 


18 


u 


3-5 






93-8 


Droke iDittAiitAD^^iulj. 


100 


Y 


8-0 


276 


56^351 


94-5 


HroHii vnddeiil^ 


72 


UY 


13-0 






87-2 


nuikiL 





S 


26*7 


** 




87-2 


Broke. 





s 


25-5 


** 




81-8 


Broke very slowly. 





s 


14-8 


n 


» 


80D 


Unbroken. 


"- 


— 


l7-« 


1001 


55,717 


91-2 


Broka 





s 


17*5 






88-6 


Unbroken. 


— 


— 


15-8 


»» 


»» 


88-0 


Unbroken. 


— 


— 


190 


1091 


55,717 


91-3 


Broka 





8 


17-4 






88-0 


Brt>ka 





S 


137 


** 




86-3 


Unbroken. 


— 


— 


11-5 


r, 


n 


847 


Unbrokea 


— 


— 


t3-0 


1094 


56,604 


97-8 


Broka 


23 


u 


»-0 


ft 


n 


90-0 


Broke grednaUj. 





8 


9^ 


708 


54,731 


881 


Broke laddenly after stretching. 


100 


Y 


n-9 






88-4 


Broka 


96 


eg 


8! 
8*7 


783 


43.729 


821 
79-8 


Broka 
Unbroken. 


35 


c 


6-1 


788 


meen 


77-5 


Unbroken. 


«. 


_ 


on 






73-0 


Broke, local flaw. 
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FOB OONVEBTma THE STBAINS FROM LBS. INTO TONS. 



Toot. 


-1 


Toora. 


Dm. 


TOOTL 


i^ \ 


Tow. 


Lbs. 


To» 


tju 


Tmt U 


1 

1 

S 

t 


iteoo 


IT 


38,080 
58.640 
30.800 
Mt,7€d 


sa 


78,930 
74,480 
70,040 
70.000 


4A 


109,7e0 

110,M0 

uo,eao 

111,440 


AS 


140,600 
14fi,10» 

146,730 
147,330 


It 


i 


*,4S0 

0,040 

^160 


U 


40,3*0 
40,a» 
4t.44« 

4a,K» 


34 


76,100 
76,730 

r:.2fto 

71,610 


10 


utooo 
uavoiso 

ii^iao 

113.6W 


ee 


IC7,»40 
14A.4QO 

I4»»&i0 


m 


S3 


1 


7,380 
T,B*0 

e,4oa 


It 


43,060 

4a,c»o 

44,^10 


9$ 


78,400 

mOBO 
90,080 


fil 


JHs«n 

llfBOO 1 
110,990 


•J 


150,080 

101,^00 
101,760 


U 


HUM 


* 


«,060 

10,080 
11,6<0 


» 


+1,900 

4J5.afi& 

4ft,9W 
4€i,4Ba 


m 


90,640 
BU«OQ 
il.7« 

8a,3» 


51 


116,480 
U7,040 

117,400 

iia,iGO 


n 


1^1,330 
l.ltSSO 
153,140 

IHifOO 


u 


mm 
mm 
mm 


1 


11,100 

lUeo 

12,820 


ai 


47,040 
47,liOO 

4a,7ao 


ffi 


ftJl,440 
84,000 
8k,£«D 


03 


lift, 730 
1(9,380 
1 11^,840 

1^0,400 


«a 


104,060 
1^.120 
100,630 

100, J40 


m 


mm 




1 


13,440 
14,000 
iCflfiO 
10, J SO 


flS 


4fl,a»o 

Jkk4D0 


; aa 


60,120 

si,«ao 

Sfi,240 


H 


ISO, MO 

m.&30 
miMo 


70 


lAfi.900 ' 

i57,«o ; 

107.920 
101,130 


m 


MM 


t 


15,6»0 
lfl,»40 
16.800 
17,3flO 


13 


fr 1,030 
M,a80 
S2.640 

53.aoo 


io 


»7jei» 

B7.994 
BI,4M 


£ft 


133,760 
124,31*0 
I24,«80 


71 


jad,640 
100,6tN> 
160,100 
160,730 


ft 


mm 

MM 


i 


IH,480 
19,010 
11^,000 


M 


M,7GQ 
H»20 
b4,^ 
50,410 


« 


e9,m 

90,160 
00,T/0 
91,580 


fft 


130,440 

i^So 

1*7, ISO 


7A 


101,390 
161,310 
J61,K10 
IR«0 


m 


§ 


1 


ao,iso 

30.TM 
ai,38»> 

a 1,^0 


U 


6G,0tW 

Ofi.Aon 

07.140 
B7p6S0 


n 


&1,S40 
9X406 

93.oaO 


S7 


138,340 

i3a,*oo 

]30,Sffl» 


n 


lf3,S30 
ft4,08l) 
1S4.640 
160,300 


n 


§ 


in 

! 


W.iOO 

HO, yea 

2i.0«O 


30 


0§,M0 
BS.KOO 
K),!tGO 

&»,Bao 


4S 


&4.ft»0 
9,\20O 

»5,7eo 


Oft 


l3^,BaO 
1^.460 
131,040 

iai,eoo 


n 


]eS,TflO 
lflfi.3« 
160, WO 
167,440 


SD 


I 


f 


Hfi^o 

B6,M0 


ST 


oo,4sn 

01,1)40 
63,160 


43 


9e,3V0 
Bfi^SSO 
07,440 
«t,00O 


09 


132,160 
133.720 
133.280 
183,810 


7S 


1«8,000 

1651120 
1©,6MI 


n 


i 


i 


3G.eeo 

27,440 

*a.ooo 
s*,a6o 


Sfl 


03,&40 
64,100 


44 


^660 

ss,iao 

99.6S0 
100,!f40 


60 


tSJ.lOO 
1!I4,&60 

taa.oM 

t3fi.0«l 


78 


170,2+0 
170,800 
171,860 
171,920 


u 


i 


{ 


149, HO 
SO,ffi*0 
3D/i40 
30,800 


ftft 


(k\mo 

S6,0« 

efi,eto 


45 


10Q,ftM 
lOl.Sft) 
l()l,0-i?0 
lDi!,ieO 


ftl 


ISflLGtO 
I37,M0 
137,760 


Tf 


172, 4S0 
173,040 
173,0)0 
174,160 


» 


§ 


I 


33,^0 


SO 


C7,aoo 

G7,7»fl 
66,320 

se,8«o 


4ft 


Ifl3.0l0 
I03,fi^ 
101,160 
1Q4.7« 


ea 


138,390 
1^,440 
140,000 
140,060 


71 


171,720 
175,JW 
17\ftl0 
176,400 


M 


§ 


1ft 

1 


33.6D0 
94.160 

S4.7ao 

3S,?B0 


ai 


69,440 
70,001^ 
70,KO 
71,1*0 


*7 


405.280 
105,810 
lOG.ltC 
100,960 


83 


141,120 
14k6B0 
NV/ilO 
142,800 


79 


176,950 

178,nfri 
173,640 


tf 






M.MO 
3fi,4^ 

S7,fiaO 


n 


71,€S0 
72,i4rt 
7-^,^00 
7a,3«) 


4ft 


107,020 
IOS,08a 
109,640 


64 


, 143,360 
14S,W0 
144^460 
UttvOM 


SO 


]7R,300 
I7fl,7W 
130.380 


^ 


1 
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SPECIFIC GBAVITIES. 
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Tabi* 




ItaBM Of Um Malun or Woriu, 


and 
MnmbMr. 


Walw-l-OOOa 


BOZiUBD XBON BAB8. 






Faxvlbt. 

»» M 
ft ft 
tt tt 




in 
in 


7'78901 
7*7619 __.^ 

7-7646J 


^ GOTAM O 

tt M 
tt tt 




711 
712 
700 
710 


7-78371 

7-7114 TlWl 
7-7106 J 


Da Da 
tt tt 
ti It 

»i tt 




7S6 
790 
717 
790 


7-71841 
7-7010 ^„^, 
7-6987 TWn 
7-60«J 


BbaolrV bo 
ft tt 




146 
140 


7«47i'^0007 


OOTAM Ex. & B«rt. 

•t It 
t» tt 




100 
169 
167 
160 


7-6900^ 

7-6849 ''•0080 
7-6618J 


Glajoow & Bait 
tt tt 
tt t« 
ft It 




744 
749 
742 
741 


7-6756 1 

7S00 rowo 

7-6991 J 


Da Da 

tt tt 

tt It 




720 

7ao 

7S1 
702 


7-69611 

7-6606 l_.„^ 
7-6486 [70000 

7-6299J 


FoBT-DimAS Bx. & Bait 
tf tt 


«770 


ISS 7Wi 


LobdWabdIi S WBO 

»♦ »» 


1 

i 


IM 
IM 


7«67)'rOIOI 


TBomnsoiT T N B 
tt tt 

tt It 




149 
101 
IM 
108 


7-63601 

7-6O90J 


• QOTAB.* 

tt tt 
tt t» 




197 
199 
199 
900 


7-68181 
7-6146 ^.^.^ 
7-6040 ^-OOTO 
7-6018 J 


Baohall « J B 

It It 
It II 




700 
704 
709 
701 


7-08001 

7«978 -.-^^^ 
7«M6 T0008 

7«700j 


DUVDTYAX. 

11 It 




746 
746 
747 
740 


7-07901 

?|S 70000 

7-68I0J 


Da Da 

II tt 




768 
766 


7^}r§m 


OOTAMPoddtod. 
tt t* 
tt It 
tf tt 




771 
17% 

m 
n4 


7:680n 
7*0817 -, ---- 
7.4296 7-ilOO 

7-0102J 


Traltfbba Pnddlad. 
If It 

n It 




779 
781 
780 
782 


747091 

?1}g TWO 

7-9896 J 
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TABLE U. 

SPECIFIC GRAviTUsa 



■ oftlMlfalwn or Works. 



1687 
1658 
1659 
IGGO 

imi 

1663 
1663 

1664 
1665 
1666 



1667 
1668 

leoo 

1670 
1671 
1673 

1678 
1674 



1676 
1676 

1677 
1678 
1679 
1680 
1681 

lf«2 
1683 

1684 
IG85 



1687 
1688 



1691 
1692 



1694 
1695 



1696 
1697 



lf;98 
1699 



1700 
1701 



I70a 
1703 



TUiTXD BAB8. 

SWBDUH R 7 

" I? 



Da 



00 

so 

SKW 



BuaszAM 00M> 
„ OOKD 
H K)P8 



Crank-Ahaft A. 



Armonr-plata 
tt ft 

lOBaxziiiAznBonB. 

GoTAV, Hammered-bfur. 



O GovAir O RoUed-bar. 

All cnt off one bar 1( in. diameter, and after 

reheating rolled down to 1^, 1, f, |, to note 

the effects of additional rolling. 

BowuMO, RoUed-bar, ordinary condition. 
„ ., stretched. 



LowMOOB, Da 



BLOCHAiur Best, Da 



Da 



Da 



ordinary condition, 
stretched, 
stretched. 

ordinary condition, 
stretched, 
stretched. 

cold-rolled. 



ANGIiB-IBON. 
Fakhlet. 
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Editorial Article in The Engineer y 22nd February, 1861. 

Strength of Iran. 

"The value of one description of iron, as compared with that of 
another, should, it is to be supposed, depend upon its comparative 
strength. There ai-e cases, it is true, where cast-iron is employed as 
much for its mere weight as anything else, inertia, or the. stability of 
ponderosity, being of more consequence than absolute strength. For 
such purposes lead would, of course, be preferable to iron, could it be 
had at the same price. But in a majority of the applications of iron, 
its own weight is a load, pro tanio, upon its power of resistance, and 
in bridges it is] easy to calculate the span at which the structure 
would be destroyed by its own gravity. If, then, there were one in- 
variable standard of cohesive power in all iron, or if it required, let 
us suppose, ten tons to pull asunder one square inch of cast-iron, and 
twenty-five tons to part a similar section of wrought-iron — no matter 
of what make— our whole practice of construction in iron would stand 
in a very different position from what it now does. Fix)m the data 
contained in the majority of our engineering books, it might be 
supposed that this uniformity of strength actually existed. Many 
engineers assert that 'there is no great difference in iron,* and their 
practice is apparently conducted upon this assumption. Mr. Bobert 
Stephenson assured the Iron Commission of 1848 that there was not 
probably a greater range than five, six, or seven per cent, either way 
from the medium strength of all the irons in this countiy. The same 
distinguished engineer, however, sent in to the Commission a table of 
experiments made under his authority to determine , the iron best 
suited to the construction of the High Level Bridge at Newcastle, and 
of the lai^e number of 1-inch square bars tested on 3 feet supports, the 
transverse breaking weight varied all along from 518 lbs. to 1,072 lbs., 
the average being something like 800 lbs. or 850 Iba. Thus, of ninety- 
six specimens, three bore between 500 lbs. and 600 lbs., one between 600 
Ibsw and 700 Iba, nineteen from 700 lbs. to 800 lbs., thirty-four from 800 
lbs. to 900 lbs., twenty-eight from 900 lbs. to 1,000 lbs., whilst eleven 
specimens bore more than 1,000 lbs. The Government experiments, 
x>mpleted last year at Woolwich, comprised 850 samples of cast-iron, 
ill sent in for a competition which was to determine the best iron for 
>rdnance, and in which it is probable that every one sending samples 
selected such as he believed to be his best These experiments, as is 

o 
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known, disclosed tensile strengths varying from 9,417 Iba to 34,279 Ibe 
per square inch, the results ranging variously from nearly 14,000 1V& 
under to 11,000 lbs. above the general average. The strongest iron 
was, therefore, 3g times as strong as the weakest iron. Then, again, 
there are Messrs. Napier k Sons' experiments, carried out more than 
a year ago at Glasgow ; of 90 cast and puddled-steel bars, the range of 
tensile strength was from 148,294 lbs. down to 42,564 lb«. per square 
inch. Of 195 wrought-iron bars, the strength varied from 68,848 Iba to 
44,453 lbs. Eighty steel plates ranged from 108,906 lbs. to 62,435 Iba, 
and 150 iron plates showed a range of tensile strength from 62,544 lb& 
to 32,450 Iba Of tliirty samples of Acadian charcoal cast-iron, tested 
in December, 1858, at Woolwich, the tensile strength varied from 
43,928 lbs. down to 15,071 Iba per square inch, the variation in strength 
being, as in all the other experiments referred to, promiscuous, and 
with no apparent tendency to any geneial standard. In Lloyd*8 
experiments on rivetted iron ship plates, made some time since at 
Woolwich, some of the butt straps opened at a strain of but about 4 
tons per square inch of actual cross-section, and the |-inch plate parted 
generally at from 5 to 10 tons per square inch of solid iron. After 
the fatal explosion of a locomotive boiler, in 1858, at an engineering 
establishment in Manchester, Mr. Fairbaim tested several of the 
plates, one of which broke under a strain of 4§ tons per square incL 

''Those familiar with iron are aware that bars and plates are 
occasionally met with which, upon a blow from a hammer, will break 
like cast-iron. It is the same with railway bars, some of which can 
hai-dly be broken under the severest tests, while others are found, now 
and then, to break by their own weight in dropping upon the ground. 
It is but fair to admit that iron of any particular 'make,' especially 
if the product of long-established works, is not likely to exhibit the 
wide range of strength indicated in the results to which we have 
referred, but except for special applications, or where very large 
quantities are emjiloyed, the iron is generally anonymous, and difficult 
of identification. 

"It is owing to the great range of quality that iron subjected 
to strain cannot generally be trusted beyond from one-fourth to one- 
sixth of its calculated ultimate strength. Engineers will proportion 
bridges which, upon a calculation of strength, will show six times that 
necessary to bear the heaviest load to which they will ever be sub- 
jected in practice, but the calculation is based upon the assumption 
that the iron is of a certain uniform strength; whereas its strength is 
so variable that, with the supposed excess of metal, one or more 
im|X)rtant members of the structure may be barely able to sustain 
themselves under continued strain. No piece of iron can be said to 
have a certain strength until that strength has been ascertained by 
trial, and the trial must be such as to destroy the iron. It is thus 
that failures of bridges, boiler explosions, fractures of chain-cables, 
&c., prove iron to have had, perhaps, but one-third or one-sixth the 
strength at which it had been estimated. Such disasters do not prob- 
ably exceed in number one or two per cent, of all the applications of 
iron in which they occur, — not more than one or two boilers exploding 
out of every hundred made and set to work. A moderate observa- 
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tiou, however, of the variable nature of iron will show, we think, that 
of every hundred samples, one or two are below the safe limits of 
strength, whilst, to all appearance, they may be as strong as the best. 
These facts point to the necessity of the utmost care in the selection 
of iron for every application in which unquestionable strength is indis- 
pensable, and this selection can be only partially fulfilled even by 
regarding manufacturei-s' brands. More frequent actual tests of iron, 
involving the destruction of at least one of every hundred separate 
pieces to be put in use, are necessary. With these tests, and taking 
into account the value of the iron after having been broken, a saving 
considerably gi-eater than the whole cost of trial might doubtless be 
made by slightly lowering the multiple of strength to the standard 
which such trials would finally establish, our constructions in iron 
being, even then, demonstrably safer than they now are when the 
actual strength of the materials used is so variable.*' 



B. 

Extracts prom Letters op "Amicus" to Tlta Times op 
\st November and 6th December, 1859, 

In Reference to the Loss of the " Royal Charter,'' 

"It would seem to commend itself to the common sense of every 
man that in building an iron sailing or steam-ship, which is to 
be subjected to all the strains and buffetings of tempest-tossed seas, 
which will be freighted with hundreds of human beings and the most 
precious cargoes, and which must run the risks of collisions and strand- 
ings, none other than the veiy best and strongest materials should be 
employed. The toughest iron, the best seasoned spars, and the stoutest 
planks and ropes should alone find places in such a venture. But in 
our ordinary everyday practice is this the case ? Is not any kind 
of iron thought good enough to build a ship with ? What is the 
meaning of 'boat plates' being the lowest priced in any ironmaker's 
list ? K we pay £25 or £30 a-ton for the plates of which a locomotive 
boiler is made, why should we give only X8 lOs. or £9 per ton for 
those of which a ship is built ? If safety can only be bought at the 
high price in one case, are we not courting disaster with the low price 
in the other? Who will draw the fine line of distinction in moral 
responsibility between the directors of a i-ailway company who should 
take your fare, place you in a comfortable first-claiss carriage, and 
drive you at forty miles an hour over a viaduct which was miserably 
insecure, and the owners of vessels who send passengers to sea in ships 
sheathed with plates which are as brittle as glass ? The only answer 
to this question in the way of excuse is, I fear, that most men are 
really and truly ignorant of the facts. In the eyes of the merchant of 
London or Liverpool who orders the building of a ship, iron is iron. 
He probably does not know that in this material there are as many 
shades of quality as there are in the wines or fruits which all bear 
one common name; and yet I am within mark when I say that he 
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might, by paying £2 or £3 per ton increajsed price upon the plates 
forming the outward sheathing of his ship, immensely increase the 
vessel's strength and durability. 

"With good well-worked plates, where the fibre of the iron is 
ductile and tenacious, and where these plates are well and judiciouBlj 
fastened together, no vessel, even if wrecked in such a gale as that oi 
last Tuesday, would break to pieces so suddenly and so utterly as the 
•Royal Charter' seems to have done. 

"But built of the *boat plates' of the present day, God help the 
human freight of the ship that strikes upon a rocky shore ! 

"I would therefore advise shipowners, when contracting for new 
vessels, instead of being satisfied with a specification which pn>> 
vides good ordinary * boat plates ' to be used, and which are, in £ucty 
about the most rubbishing quality of iron which is made, to insist that 
the sheathing should all be of the best or double- worked quality. In 
a vessel of 1,000 tons it would not increase the cost ^00, and the 
value is gained in the greater strength and durability of the ship, to 
say nothing of the lives it may possibly sava 

"Further, I would caution all well-disposed shipowners to look 
with great suspicion upon the cheap offers which are constantly laid 
before them as temptations to order ships. To any one conversant 
with a ship's value, what other construction can be put upon a con- 
tract for a vessel of 1,000 tons, with the most expensive outfit, for £13. 
or £13 10s., or even £14 per ton measurement, ready for sea, than 
that the builder means to employ bad materials and scamp his work? 
He begins upon such an order with a determination either to cheat his 
customer or cheat his creditors." 

" Upon the evidence brought before the two tribunals* the decisions 
could not have been different But if that evidence had been made 
more comprehensive ; if the captain or others in authority had been 
saved to tell us of the ship's behaviour in heavy weather ; if we had had 
more general and extensive tests of the strength of the ship's material; 
if some calculations had been furnished of her strength, considering her 
hull as a beam supported in the middle and unsupported at its ends, 
which must have been very nearly the ship's position when she parted 
amidships ; and if we had been informed whether the plates used in her 
construction were really *boat plates,' or *best plates,' and voftere they 
Iwid been Ttiade, the public would have been inclined to attach greater 
importance to the conclusions arrived at. If I may be permitted the 
paradox, iron is not always iron. It is sometimes rubbish, and in this 
category I would unhesitatingly place all * boat plates.' It is not that 
even in these inferior plates pieces may not be found which shall come 
up to and even surpass Mr. Fairbaim's standard of the average tenacity 
of good Staffordshire plate ; but, being made chiefly from cinder iron, 
it is their inequalUy and uncei'tainty which is most to be dreaded. 
The strength of the whole is that of the weakest part, and when I tell 
you that out of the same *boat plate,' or iron of that quality, two 
pieces have been taken, one of which sustained 22 tons to the square 

* Ck)roner's Inquest and Board of Trade loquiiy. 
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inch of aection, while the other failed at 5 tons, I have said euough to 
show why this dangerous material should be at once discarded in 
building ships, and the price of ' best plates ' be paid to insure the 
exclusion of cinder iron from their manufacture. Boat plates are 
shams. They are got up to deceive by appearances. Smooth and 
well-looking on the surface, the source of mischief lies hidden under- 
neath — rotten at the core, like the grub-eaten fruit whose tempting 
skin conceals the tiny hole by which the insect has entered. But this 
iron is a curse as well as a deception, for while you may be angered at 
the Yankee who has sold you wooden nutmegs, or the grocer who 
sands his sugar, or the petty swindler who sells you 100 yards of 
sewing cotton * warranted ' 200, I know no words strong enough to 
condemn the practice of makers and buyei-s alike, who, in structures 
where the safety of life and limb is at st^ke, will willingly and know- 
ingly, and for gain's sake alone, imperil the existence of their fellow 
creaturea" 



C. 

Extract from a Paper read before the Scottish Shipbuilders' 
Association, ith February, 1861, by J. G. Lawrie, Esq. 

On Lloyd^s RvXesfor Iron Ships and their Improvettient 

" There is no doubt of the superior toughness and tenacity of Low- 
moor iron; and the advantage of using it in the construction of ships 
is obviously much greater than the relative superior tensile strength 
which it jx)ssesses over ship iron. A ship placed, for example, in the 
positions shown in the diagrams (for which see paper), receiving a blow 
fi-om a sea on the exposed part of the side, sustains a tremulous or 
vibratory shock, for which the toughness and tenacity of Lowmoor iron 
is admirably adapted. Experiments have not been made to ascertain 
the exact superiority of Lowmoor iron for such work ; but if it bo 
assumed to be twice as strong as ordinary ship iron, it can be shown that 
the quantity of material in the fi'ames, floors, beams, <fec., would be re- 
duced 50 per cent., and in the skin plates, stringers, &c., 30 per cent. 
With a material three times as strong as ship iron, which the manu- 
facturers of steel state it to be, the weight of the frames, floors, and 
beams is reduced 66 per cent., and the skin plates, stringers, <fec., 42 
per cent With this reduced weight in the hull of a ship the displace- 
ment is reduced ; and if the speed is to be retained at the same rate, 
the power of the engines and weight of coal carried is reduced, which 
involves a further reduction in the displacement, and that again a 
further diminution of power. So that i^educing the weight of the hull 
by the use of improved material involves a reduction in the weight of 
the engines, coal, &c., and a reduction in the displacement of the ship, 
due both to the diminution in the weight of the ship and to the 
diminution in the power of the engine; or if the weight of the cargo 
and speed be retained of the same amount, the use of improved mate- 
rial permits a reduction in the size of the ship, to perform the same 
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amount of work. To show* the effect of this in practice, a ship of 
1,500 tons N. M., fitted with engines of 200 H. P., weighing 200 
tons, and caiTying 400 tons of awil, has a displacement of say 2,610 
tons; and if built of iron, the weight of hull will be about 1,080 
tons. The weight of cargo will therefore be 2,610 tons, less 1,680 for 
the weight of the hull, machinery, and coal — giving a net cargo of 
930 tons at the draught of water assumed. The weight of iron in the 
hull of this ship would be 8G7 tons. A ship of 1,080, proportioned in 
dimensions and form as the 1,500 ton ship, has a displacement of 1,880 
tons ; the weight of hull, if built of steel three times as strong as iron, 
will be 468 tons ; the power to propel her at the same speed as the 
1,500 ton ship will be 160 H. P., and the coal for the same time of 
voyage, 320 tons; therefore the weight of cargo will be 932 tons, the 
same as the 1,500 ton ship. The weight of steel in the hull of this 
ship would be 315 tons. The cost of the 1,500 ton ship, at £18 for 
the hull, and £40 for the machinery, would be £35,000. The cost of 
the ship 1,080 tons, at the same prices, would be £25,840; to which 
add £3,200 for the difference betwixt 315 tons of steel, at £30 per 
ton, and Q25 tons of iron (the quantity that would be in the ship, if 
built of iron), at £10 per ton, and the price of the ship is £29,040. 

" Thus, a ship of 1,080 tons N. M., built of steel having a strength 
equal to three times that of iron, and at the price of £30 per ton, will 
carry the same cargo as a ship of 1,500 tons N. M., built of iron, will 
steam at the same rate, and for the same length of time. The advan- 
tage in the use of this material, if the statement about the strength 
be correct, is therefore not only that a ship, to carry at a given si)eed 
a given weight of cargo, costs less money in the proportion of £29,000 
to £35,000, but in the proportion of the smaller tonnage and power 
of machinery costs less in current outlay." 

" It would obviously be injudicious, either for shipbuilders or ship- 
owners, and still more so for the Committee of Lloyd's, to receive, 

• '• Put T = tonnage; D = total displacement; a D = displacement due to weight 
of ship built of iron ; 6 D = displacement due to weight of machinery, coals, 4c ; 
. • . weight of cargo =D — aD — 6D = D(1 — a — 6); c x aD = dispUcement 
due to weight of ship built of steel; D' ^ displacement of smaller ship built of steel. 

By the formula A = ; D^ : D'^ : : 6 x D : 6 D x — , 

^ Ind.ll.P. £)J 

D'5 pi 

D' = D (1 — a — 6) + c X a + D' + ft D x -^ . • . D' (1 — a c) — 6 D x -, = 

D3 D5 

D (1 — a — 6). Put D = 1, and D' (1 — a c) — 5 D'^ = 1 — a — 6. 

" If T= 1 N. M., D = 1-74, o D = 072 = \ (sundries = 142) + (floors, frames, 
and beams =: 178) + (skin plates, stringers, &c., = 0-4) | for iron, c x a D = 0*433 = 
•J (sundries = 1 42) + (floors, frames, and beams = 0-0693) + (skin plates, stringers, &c 
= 0-232) J- for steel three times as strong as iron. In the thip of 1,500 tons, referred to 

GOO 
in the text, 6 D = 600 .•.&=--. Substitute these values in the above equation, 

and it becomes D' — 3057 D'^ = 472 . -. D = 07197 x D." 
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without question or hesitation, the statements made by the makers of 
improved material ; but plainly the material is of some considerable 
strength. A considerable number of sensible men urge its introduction 
on grounds which, if true, are highly useful, and it does not appear 
that Lloyd's Committee would travel too far if they stated on what 
conditions and on what experiments, made at the expense of those 
who urge the introduction of the material, they would consent to give 
it a stipulated standing in their books. To do this they are not dis- 
posed, and there the matter for the present rests." 



D. 

Extract from Editorial Article in Hie Engineer, 
8th Februa/n/, 1861. 

Strength of Iron Ships. 

" We suppose it to be hardly necessary to await the loss of a further 
number of iron ships, by opening their seams and foundering in open 
sea, before calling renewed attention to the necessity for better stock 
and sounder construction than now prevail in such vessels. When, 
after a protracted investigation by the Board of Trade, no definite 
reason can be assigned for the loss of a new steam-ship like the Con- 
naught, for instance, it were nothing strange should the public assume 
that a very large number of all the iron vessels now running are in a 
dangerous condition, or, what is the same thing, ready to spring a 
leak and go down at any moment. For a ship originally unsea- 
worthy is not necessarily lost on her first voyage, nor even in the 
first storm in which she may be exposed. She may, indeed, outlive a 
storm, afterwards to founder in a calm, as did the steamer already 
mentioned. This condition of uncertainty, however, which, in spite of 
Lloyd's surveys, and in spite of the assurances of shipbuilders, owners, 
and managers, actually does exist — proved as it is by frequently- 
recurring and most startling evidence — is one from which our iron 
shipping should be redeemed as fast as possible. Builders and owners 
are constantly protesting against interference; but it is the business 
of legislation and of public opinion to interfere wherever the safety of 
human life is concerned, and nowhere is that safety more dependent 
upon staunch workmanship and unwearying vigilance than in our sea- 
going steamers. There are calamities, it is true, which no foresight 
can avert, but the foundering of ships in deep water are not to be 
reckoned among these. A well-made, egg-ended cylindrical boiler, 
launched upon the sea, would undoubtedly, if not b^ten upon ix>cks, 
float until its plates were eaten through by corrosion. There is no 
reason to suppose that, even if it were loaded until it barely floated, 
it would founder in any sea, however furious. Iron shipbuilding is 
very like boiler-making, like materials and like tools being employed, 
with the disadvantage, in the former case, of having irregular and 
naturally weak forms to deal with. It is here that science and skill 
have their proper field, for it is not difficult to make the ship as 
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strong, practically, as a good job of boilei^work. This standard of 
strength is not too high when the consequences of weakness are 
considered. 

" The inferior quality of the iron commonly employed is notorioQ& 
It is at least so notorious that Lloyd's Committee, in making their 
experiments, in 1857, on the strength of ri vetted joints, purposely 
employed plates of a quality 'much below the standard assigned for 
the test of iron,' but supposed to be of the average quality used in 
shipbuilding. Some of the iron broke under a strain of five tons per 
square inch of actual cross-section, and the average was hardly above 
ten tons. Subsequently to the meeting of the Institution of Naval 
Architects, whose proceedings had an unmistakable influence at 
Lloyd's, the latter body added a requirement in their fisimous 'rules,' 
to the effect that all plate, beam, and angle-iron in ships intended for 
classification should be stamped with the maker's name and address 
on both sides. This is one point gained in behalf of safety, although, 
practically, it may not amount to a very great deal. 

" But there is an extraordinary fact, upon which we are not sure 
whether even Mr. Fairbaim, who has given us so many sermons upon 
plate-iron work, has directed attention. Whilst Lloyd's experiments 
were made on plates only | inch thick, it is necessary, in order to pro- 
cure a 12 years' classification of a 3,000 ton ship to use iron 1^ inch 
thick in the garboard streaks, and yet experiments have been made 
which appear to show that a rivetted joint of even ^-inch iron is abso- 
lutely iveaker than one in f -inch plate. Mr. Bertram's experiments, 
made some time back at Woolwich, showed that whilst a single- 
li vetted seam in a certain width of |-inch plate required a strain of 18 
tons to fracture it, a seam of the same kind and width, but in ^-inch 
iron, was torn open at 16 tons! The general deduction was, that 
whilst in |-inch plate a single rivetted joint bad GO per cent, of the fiill 
strength of the solid plate, one in /^-inch iron had but 50 per cent, 
and one in ^-inch plate but 40 per cent, of the strength of the original 
solid plate, a joint in ^-inch plate being but two- thirds as strong in 
proi)ortion to its thickness, and actually weaker irrespective of thick- 
ness than in a plate only one-fourth thinner! In Lloyd's experiments, 
furthermore, when butt straps were employed to connect the plates at 
the joints experimented upon, it was found that straps cut fi*om |-inch 
plate, or bar-iron of that thickness, were practically no stronger than 
f -inch iron similarly used. That is, the plates (not the plates from 
which the straps were cut) being uniformly | inch thick, it was found 
that when J-iuch butt straps were used the fracture occurred as often 
through the strap as in the plate. Every worker in ii'on is aware 
that thick plate is relatively weaker than thin, but the proportion 
disclosed in these experiments is startling. Yery few of the |-inch 
butt straps withstood more than 7 tons per squai^e inch of actual solid 
section. 
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E. 

Extract from Editorial Article in The Engineer, 
^th July, 1862. 

Notes of the Week. 

" One year ago to-day the boiler of an express engine on the Lon- 
don and North- Western Railway burst while running with the Irish 
mail train near Rugby. To-day a suit is going on at Guildhall to 
recover damages from the company, in favour of one of the passengers 
who is now paralyzed in consequence of injuries received on the 
occasion of the accident The engine was made by Sharp, Stewart, 
and Co., and commenced running in October, 1851. It had run nine 
years and eight months up to the time of the explosion, and had 
attained a mileage of 336,368 miles. It was worked, up to the date 
of the explosion, at 120 lbs. per square inch, an^ actually exploded at 
115 lbs. The boiler during the whole period of service had been 
internally examined but once, viz., in October, 1857, when a new set 
of tubes was put in. It was one of a large class, for a 16-inch 
cylinder engine, with 22-inch stroke and 7-feet driving wheels. The 
fibrebox contained the large extent of 142 square feet of surface, and 
the tubes had an external sui'face of 1,152 square feet. Yet this 
boiler, which was 4 feet If inch in internal diameter, was made of 
|-inch Lowmoor plates, with single-rivetted joints. Mr. Fenton, the 
engineer of the Lowmoor Iron Company, found the strength of some 
of the plates, forming fragments of the exploded boiler, to be 22 tons, 
or 49,280 lbs. per square inch. Supposing this to have been the 
stren^h of the plates when new, the bursting strength of the boiler 
was only 412 lbs. per square inch; and even if, as has been stated, 
the original strength of the plates was 51,000 lbs., the bursting 
strength would be but 437 lbs. per square inch. This is assuming, 
what experiment and the best authorities show, that the strength of 
a single-rivetted seam is 56 per cent, that of the solid plate, 40 per 
cent, of the solid iron being actually punched out with ^i^-inch rivet 
holes. If inch from centre to centre, the remaining iron being 
somewhat injured, moi'eover, by the operation of punchmg. But 412 
lbs. would be the bursting sti*ength under hydrostatic pressure, and 
steam pressure, to the same extent, is believed to be even more 
trying, in consequence of the heat and the jolts to which the engine 
is subjected when running. The real ^EU^tor of safety was probably 
not much over 3, certainly not over 3^. The engine, moreover, had, 
in less than ten years, done nearly seventeen years' work. For the 
last three years and eight months of its life it had run continuously 
at the rate of 38,000 miles a-year, without any attempt at internal 
examination ! Need we wonder that the barrel of the boiler, after 
explosion, was found to have been furrowed by corrosion for a total 
length of nearly 8 feet along the seams of rivets, and in some places 
to the thickness of only one-sixteenth of an inch 1 Originally weak, 
and now over-worked, what are we to expect of other boilers of the 
same class f Our leading makers are now using -^^inch or ^-inch 
plates, with thickened edges and double-rivetted seams, for large 



198 Appendix, 

locomotive boilers, and with these, and the present high pressures, 
the factor of safety is under 5, Until we adopt steel boilers with 
welded joints it will be next to impossible to make and safely work 
locomotive boilers a single inch larger than those now in use." 



Editorial Article in The Engineer^ 
llth Jvly, 1862. 

Thje Hydraulic Teat for Boilers. 

^' In the course of a recent legal inquiry at Guildhall, a few engineers, 
practised in locomotive mending, expressed strong opinions against 
testing boilers by hydrostatic pressure. A boiler had exploded on 
the London and North-Westem Railway, and Mr. M'Connell, late 
locomotive superintendent of that line, and who, if anybody was 
officially responsible for the disaster, was allowed to appear as a 
witness, and give evidence that it was imprudent to test the strength 
of boilers. Mr. M^Connell, too, had not a single fact to adduce in 
pix)of of the impropriety he sought to establish. He never tested his 
boilers — had never even seen a boiler tested — but left them to blow 
up whenever their untested barrels became sufficiently weakened by 
corrosion. Mr. Gooch, too, a gentleman who has for many years had 
the mending of the Great- Western engines, thought it injudicious to 
subject boilers to the hydraulic pump, although he could not say 
exactly why, except that that was his opinion. Mr. Kirtley of the 
Midland, and some one else, whose name we forget, was of much the 
same mind. These witnesses, or some of them, affected the greatest 
ignorance of the fact that the hydraulic test was regularly employed on 
other lines, where, possibly, in consequence of the test, boilei"s do not 
explode, and whereby the shareholder are not subjected to costly suits 
gi-owing out of explosions. Thus, on the Eastern Counties, the South- 
Eastern, the Lancashire and Yorkshire, the Newcastle and Carlisle, 
the North British, the Caledonian, the Edinburgh and Glasgow, and 
other lines, both new and old boilei*s are regularly tested up to twice 
their working i)rcssuro. In France all wrought-iron steam boilers of 
whatever descrij)tion must, by law, be tested by the hydraulic pump 
up to three times their working pressure, cast-ii*on boilers being 
tested up to five times their working pressure. In America all 
Government boilera must bear a hydraulic pressure two-thirds gi^eater 
than that at which they are intended to work, and a similar test is 
now enforced, by the police of New York, upon upwards of 3,0()0 
steam boilers at work in that city. Mr. Fletcher, the engineer to the 
Manchester Association for the Prevention of Steam Boiler Ex- 
plosions, and who has occasion to examine more boilers, perhaj)s, than 
any other man living, applies and strongly recommends the hydraulic 
test, and so does Mr. Longridgc, the engineer to the Steam Boiler 
Assurance Comimny. Many of the agricultural engine makers test 
their boilers also in the same manner. 
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"Now, does this test iDJare a boiler, and if not, is it a useful test ? 
Let us s^. According to the best authorities the elasticity of iron, 
and, therefore, iron itself, is permanently injured by a strain some- 
where between one-third and one-half its breaking strength. If a 
locomotive boiler, the bursting strength of which is, as it should be, 
800 lbs. per square inch, be tested with the force pump to 400 lbs., 
the chances are that the iron will be injured. If it be tested to 250 
lbs. abundant experiment goes to show that no harm will be done, 
and the boiler will remain safe, to all intents and purposes, under a 
steam pressure of 125 lbs. per square inch. But we cannot know, 
until we have actually burst open a boiler, what its ultimate strength 
really is. The boiler to which, upon a general faith in the maker's 
stamp on the plates, and in the style of rivetting, we may assign a 
probable strength equal to 800 lbs. on the square inch, may contain a 
hidden flaw, or — as did the new boiler which burst four years ago in 
Messrs. Sharp, Stewart, & Co.'s workshops — a rotten plate with a 
strength of but 4| tons per square inch, and the bursting strength 
may be but 150 lbs. or 200 lbs. In this case a hydrostatic pres- 
sure of 250 lbs. would search out and proclaim the defect at once. 
But if the flaw were such that the bursting pressure was, say, 400 
lbs., then it is probable that a test of 250 lbs. would, while failing 
to disclose weakness, actually injure the boiler, and possibly lead 
to explosion. The boiler, the bursting of which led to the suit 
already mentioned, had an ultimate strength of somewhere about 
425 lbs. only per square inch. That is to say, it was 49| inches 
in internal diameter, and it was made of §-inch plates single 
rivetted. The original strength of the plates may be taken as 51,000 
lbs. per square inch, so that, for each inch in length of the boiler, the 
full strength of the | square inch of sectional area of iron plate, 
weakened to the extent of 44 per cent, at the single-ri vetted joints, 
would be 21,420 lbs., and as the pressure would be exerted diametri- 
cally across the boiler upon a line of 49f inches, the quotient would 
be 430^ lbs. per square inch, which would be the extreme bursting 
strength of the barrel That such a boiler would have been fatally 
injured (although, perhaps, not actually broken open) under the 
French hydraulic test of three times the working pressure, or 360 
lbs., there can be no doubt whatever. A test of 250 lbs. would prob- 
ably have been dangerous, not of course while making the test, 
which, even if it tear open the boiler, can do so only quietly, but 
dangerous on account of the injury which it would probably do to the 
iron, thereby predisposing to explosion afterwards. Yet we shall 
show that this does not support Messrs. Gooch's, M'ConnelFs, and 
Kirtley's opinions as to the impropriety of the hydraulic test ; for iron 
is only injured by injuring its elasticity, and its elasticity is injured 
only when it shows, after being strained, permanent elongation of the 
fibrea Thus a boiler, the bursting strength of which was 430^ lbs., 
would unquestionably be found to have had its diameter slightly 
but permanently increased under a strain of 360 lbs., and in all 
probability under a strain of 250 lbs. So far as we are aware, the 
practice of measuring the diameter of boilers, under successive incre- 
ments of strain, has never been initiated. Yet why should it not be 
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begun 1 Take the exact diameter of the largest ring of a boiler when 
the interior is charged with cold water to a pressure of 100 lbs., 
measure it again with the pressure increased successively to 150 lbs., 
200 lbs., 250 lb&, and so on possibly to 300 lbs. Then ease off the 
pressure, and note how much, if at all, the iron has been permanently 
stretehed. If, at 100 lbs. pressure, or when entirely free from strain, 
the diameter is exactly what it was before the test, the boiler is safe 
with any ordinary load on the safety valves. If permanently enlaiged 
to any considerable extent, the boiler needs immediate strengthening. 
To say that boilers, upon the soundness of which so much depend^ 
should not be tested at all, does little credit either to the skill or 
astuteness of men like Messrs. Gooch, M'Connell, and Kirtley. Iron, 
in any shape upon which we may have occasion to depend, should 
always be tested. No engineer would think of permitting an iron 
bridge to be opened until it had been loaded with the greatest weight 
which could ever come upon it in the way of traffic. The engineer, 
however, does not rest satisfied with the mere discovery that his 
bridge is not broken down under the test, but he cai'efully notes the 
deflection of his arches or girders, and observes whether they take a 
permanent set, and if so, how much. The safety of the bridge is 
inferred, not so much from the fact that it has survived the ordeal 
of a load of locomotives, or of pig-iron, or ballast, but from the amount 
and character of its deflection. Every chain cable received into the 
royal navy is tested, and the action and effects of the test strain are 
exactly analogous to those of the hydraulic test for boilers. And just 
as in the case of a cable which suffers no permanent elongation under 
strain, we may conclude that a boiler which is not permanently dis- 
tended by the hydraulic test is in no respect injured by it. This 
}X)int being settled, it requires but little consideration to perceive that 
the test by the force pump must be a useful one. Indeed, to our mind, 
it is indispensable to anything like security. It may bo safely, cheaply, 
and expeditiously applied — the oftener the better — and as long as the 
boiler, upon careful measurement before and after the test, shows no 
permanent distension, there is no fear of its bursting from weakness, 
original or produced. But without a pair of callipers large enough 
to tiike in the boiler, and without careful observation during and 
after the application of hydrostatic pressure, we should fear it might 
injure the boiler. The disclosures in the case of the exploded boiler of 
the London and North- Western engine have convinced us that there 
are many so-called *fii*st-class' engines which could not safely be 
submitted to any test much beyond their ordinary working pressure, 
and we must" suppose that Messrs. Gooch, M'Connell, and Kirtley, 
who can hardly be ignorant of this fact, make it the sole ground of 
their objection to the hydraulic test." 
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G. 

Extract from Paper read before Section G. of the British 
Association, Sept, 1861, by William Fairbairn, LL.D., F.R.S. 

On the Effects of Vipr<Uor7/ Action and long-corUinued Changes of Load 
upon Wrought-Iron Bridges and Girders. 

" It is upwards of fifteen years since a series of experiments were 
made to determine the valne of wroughtriron rivetted plates in the 
form of rectangular tubes, when employed as girders spanning rivers 
and ravines for the support of roads and railways. Those experiments 
led to the erection of the Conway and Britannia Bridges on the 
Chester and Holyhead Eailway, and determined the form in which 
such structures should be designed, as also the strength necessary to 
resist the strain of the passing loads. A new theory of construction 
was thus developed, and a new era established in the history of 
bridges. Since that time some thousands of bridges, composed entirely 
of wrought-iron plates, have been erected, supporting roads and rail- 
ways with a- degree of safety not attainable with any other description 
of material 

" The construction of the Britannia and Conway Bridges of the 
tubular form led to the introduction of tubular girder, plate, and 
various forms of lattice bridges, all founded on the same principle. 

" The tubular bridges were originally designed so that their ultimate 
strength should be six times the greatest rolling load which could be 
placed upon them, after deducting the weight of the tube. This was 
considered a fair margin of strength, but subsequent considerations 
have induced in many cases an increase of this margin of resistance to 
five or six times the maximum rolling load and permanent load taken 
together. 

" Owing to the great success in the first examples of wrought-iron 
bridges, a great demand for them arose in every direction, and 
numbers were made without any regard to principle, or the laws of 
proportion so clearly and satisfactorily developed in the Millwall 
experiments. The result of this was the erection of many weak 
bridges, so disproportioned as to be at the point of breaking with little 
more than double their own weight This, together with the bad 
system of contractors tendering by weight, and the employment in 
some cases of had iron a/nd had toorkmanship, have brought discredit 
upon the margin of sti-ength at first considered suj£cient. No con- 
struction requires greater care, or a more minute attention to sound 
principles of construction, than wrought-iron girders. The lives of the 
public -depend on the knowledge and skill of the engineer, and the 
fidelity of himself and the contractors in the selection of the material. 
"Ihe defective and abortive structures which followed the first 
successful application of wi-ought-iron led to doubts and fears on the 
part of some engineers, who contended for a margin of eight or even 
ten times the heaviest load, whilst others considered a much smaller 
siuplus of strength sufficient In the evidence given before the Com- 
mission onKailway Structures in 1848-9, this variety of opinion was 
fully sho^^. Mr. Brunei allowed ike maximum load to be one-third 
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to two-fifths of the bi'eaking weight Mr. Grizzel and Mr. May con- 
sidered one-third sufficient; Mr. Rasbrick, Mr. Barlow, and othew 
adopted one-sixth; Mr. Hawshaw, one-seventh; and Mr. Glynn, 
one-tenth. CTltimately the authorities at Whitehall appear to have 
decided, but upon what data is uncertain, that the maximum tensile 
strain on any part of a wrought-iron structure, arising from the per- 
manent load and the greatest rolling load together, should not exceed 
five tons per square inch. This corresponds with a strength of at least 
four times the rolling load and the permanent load taken together. 

" This requirement of five tons per square inch on the part of the 
Board of Trade appears to be founded on no fixed principle, and is&r 
from satisfactory. It is well known that the powers of resistance to 
straiu of wrought-iron depend very much upon the form in which it is 
combined, and, unless the proportion of the parts are permanently 
established, the five ton tensile strain may lead to error." 



H. 

Extract from Editorial Article in The Engineer, 
2Zrd December, 1859. 

On EaUtvay Bridges, 

'< Twenty tons per square inch is believed to be about the average 
breaking weight of the ordinary qualities of wrought-iron; and by 
common consent among the majority of engineers, five tons per square 
inch is considered as the maximum strain to which the material of any 
structure like a wi-ought-iron bridge should be subjected. Unless there 
has been a very genei-al misunderstanding upon tlus matter, the max- 
imum strain of five tons per square inch should include both the strain 
produced by the weight of the structure itself and that produced by 
the greatest moving load. When an authority like Mr. Fairbaim, for 
example, tells us that the strength of a given bridge is six time^ the 
maximum load, his statement is generally taken to mean that the 
maximum strain upon the material of the bridge is but one-sixth of its 
ultimate strength. This appears to be a very liberal margin of strength, 
and quite enough to satisfy the most exacting Inspecteur of the Pant^el 
Cliavssees. If, however, from the total breaking weight of the bridge, 
the weight of the structure itself be deducted, and the strength then 
inferred by comparing the remainder of the ultimate strength with the 
moving load only, the apparent margin of safety, although it may 
appear very wide, may be, nevertheless, very narrow. Mr. Fairbaim 
has calculated that, at a span of between 1,800 feet and 2,000 feet, an 
iron tubular bridge would be barely capable of sustaining its own 
weight, and hence it could carry no weight whatever. If the weight 
of a bridge be equal to one-third of its breaking load, an additional 
moving load equal to one-half the weight of the structure would in- 
crease the strain upon the material to one-half of the total strength, 
although the strength of the bridge, beyond supporting its own weight, 
would be four times the moving load." 
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Extracts from Editorial Articles in The Practical Mechanic's 
Journal, let May and let June, 1862. 

The A nnealing Temperatures o/ Metals and Crystallization produced by 

Vibration, 

"In the secoDd portion of this paper (part for February, 1862) we 
have pointed out, with sufficient examples, the state of hopeless con- 
fusion in which the notions of our so-called 'practical men' remain to 
the present time, in all that refers to the crystalline aggregation of 
metals, and the circumstances assumed to modify it; and we have 
given a number of instances of metallic bodies, subjected for years to 
countless millions of vibrations, in proof of the &llacy of the popular 
opinion that vibration, ])er se, if long continued, and without any 
qualification as to range or extent, has any power to alter the internal 
arrangement of metals, or to make them brittle, or reduce their ulti- 
mate cohesion, and make them untrustworthy in use. So late as since 
our last part of this paper was printed. The Times, in one of its articles 
upon the Hartley Colliery be^m, gives currency to just the old and 
average misty trash on the subject, and bases its objections to the 
beam having been of cast-iron in place of wrought upon a supposed 
^well-known fact* that the former becomes gradually brittle in use, 
owing to vibration, as though, if such were true for cast-iron, it must 
not also be true, pro tanto, for wrought-iron. The imix)rtance of 
endeavouring to promulgate some clear and true notions on this sub- 
ject amongst civil and mechanical engineers, and ultimately amongst 
the public at lai^e, has in nowise diminished. 

"We therefore propose to describe here, as completely as our limits 
idmit — 
" Ist The molecular constitution of metallic bodies as being crys- 
talline. 
"2d. The circumstances that determine the arrangement of the 
crystals in metallic masses in the ordinary process of working 
them, more especially in iron in its several states. 
"3d. The circumstances and their limitations that are capable of 
modifying the crystalline arrangement (and with these, of 
course, the physical properties, such as cohesion, toughness, 
Ac.) of metallic masses in use, — L e., exposed to various strains, 
blows, vibrations, <kc., &c." 

"So much for the crystalline system of aggregation of cast-iron. 
Let us now proceed to urrouglU-iron, under the guidance of the same 
*undamental law. When wrought-iron, in any of the usual forms of 
ts manufacture, is fractured, its molecular structure presents itself, 
nore or le^ distinctly pronounced, in one or other of three forms, or 
-edudble to their mixture. 

"Ist. The mass consists of minute crystals of nearly uniform size, 
^hose facets present themselves at all possible angles, like that of 
-efined sugar. This saccaroid structure usually belongs to highly 
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refined iron and bard steely ones. Swedish large bars and Lowmoor 
iron are examples. 

''2d. Tbe fracture consists of large, sometimes very large, lamellar 
spangles or plates, fisicets of ciystaUine cleavage, wbose planes or 
directions tend to general coincidence witb tbat of fracture. The 
number, size, and direction of these fecets are found to vary in ihe 
same mass with the direction in which it is fractured. In all very 
large and heavy masses, such as great forgings, these planes of crys- 
tallization tend towards a general perpendicuhudty to the sarfiEuses of 
external contour : i. «., thet/ are, upon the tohole, found ccineiderU in 
direction with tJie lines in which the heavy hammer strokes have been 
delivered upon the surfaces of the mass. 

" 3d. The fracture (hard to produce, owing to the greater flezibilily 
of the iron than in eitber of the preceding cases) presents long paralld 
Jihre, or bacillary crystals running in tiie direction of the longest 
dimensions (the length) of the bar. 

" This is the structure of the best rivet iron, Ac, wire, &c. ; it is only 
completely developed in small bars, best in small round ones. Large 
i-oUed bars present it mixed with the second form above, or %fnperfe(^ 
developed ; and in very large masses it is never found developed at all** 

"It is and must for ever remain impossible'* [!] "to produce a 
regular mass of wrought-iron of large size by any process of manu- 
facture whatever — hammering or rolUug, that, ctfter it has become eoldf 
shall present an uniform fibrous texture, parallel with its longest^ or 
with any one of its dimensions. 

" We must, for brevity, again illustrate by examples, — 1st It is a 
fact that such changes of structure can take place at oixlinary tem- 
peratures. The common process of wire-drawing is a proof of this. 
The slab or bar of iron from which a piece of fine piano iron wire is 
about to be drawn — when broken through cold, will be found probably 
to have a fine saccaroid fracture — it has no fibre w?uUever" [!] — "it is 
pulled again and again through the ch*aw place — the latter exercises an 
enormous grip upon its circumference, and an enormous pressure 
transverse to tJie axis of the cylinder, the crystals arrange themselves 
normal to this, i. e., in the length way of the wire, and as the latter 
elongates, they elongate with it. The iron has now become fibrous, 
that is, all its crystals have their principal axes — ^the axes of greatest 
elasticity, parallel with each other and with the length of the wire; 
and its elastic resistance to tension on the unit of section has risen 
from say 30 tons per square inch of the original bar to 90 or 100 
tons in the wire — the change has all taken place cold So also, 
if after the round rod of hot-rolled rivet iron has got cold, it be now 
subjected to the further process of cold-rolling, or of unre-drawing, 
(for they ai*e both in result the same) its elastic resistance will be 
found greatly increased. For this there are more causes than one 
operative, however, but into which we cannot now enter. Sufiice it to 
observe, that these changes are produced cold, or at ordinary tem- 
peratures; but what is there wonderful in this, if the change red-hot 
be once understood?" 
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Extract prom Inaugural Address to the Institution of Civil 

Engineers, delivered lith January, 1862, 

BY John Hawkshaw, Esq., F.RS. 

" The use of iron is extending on every side. Its manufacture 
is also, I am glad to say, improving. Thei*e was great room for its 
improvement. Several processes for converting it largely into steel, or 
into a metal approaching steel in character, are also now in use, and 
promise to afford an article at a moderate price double the strength of 
ordinary iron. These discoveries will tend still further to extend the 
use of iron. Should it turn out that steel, or homogeneous iron, as it 
is sometimes termed, uniform in quality, and of double the strength of 
ordinary iron, can be manu^tured in large quantities at a moderate 
price, and can be easily manipulated, then many things that are now 
with difficulty accomplished will be greatly facilitated, and some things 
which cannot be done at all will be i-endered practicable. Bridges of 
greater span could be constracted. Screw-shafts, crank-axles, and 
other parts of steam engines, at present of unwieldy size, would, by its 
use, be reduced to more moderate dimensious. There seems to be no 
limit to the size of guns, except that of the strength of the material, 
and the power of welding, forging, and handling them. Cannon, as 
we know, have already been greatiy increased in power by adopting a 
superior material in their construction. Could we hit upon an inex- 
pensive mode of doubling the strength of iron, the advantages to 
all sorts of machinery might be equal to those that would flow l&'om 
the discovery of a new metal more valuable than iron has hitherto 
been. 

"We are, I believe, in the infancy only of discoveries in the im- 
provement of the manufacture of steel and iron. Until lately the nature 
of the demand for iron rather retarded than encouraged improvements in 
its manu&ctura Railways consumed iron in vast quantities, and railway 
companies cared nothing about quality. They were driven to seek a 
tolerably good material for engine and carriage tyres ; but as it respected 
the vast consumption in the shape of rails, they were implicitly guided 
by the lowest prices. As long as this system continued, it suited the 
ironmaster to manufacture a cheap article in large quantities, and they 
therefore gave themselves no concern to establish a better state of 
things. But heavy engines, high speeds, and an enlarged traffic, are 
gradually working a change. We are beginning to find that iron of 
the very best quality has hardly endurance enough for rails or locomo- 
tive tyres; that there is no economy in putting down rails which 
require ti^ng up again in a year or two; and, in short, that the 
increased strains arising from the accelerated motion of railways, steam- 
boats, and machinery generally, are necessitating a better material. 

"In marine steam engines, which have received much attention, 
and where great attempts have been made at perfection, paddle-shafks, 
crank-axles, screws, and other portions have, as before intimated, 
already attained an unwieldy size, and the via inertia and weight of 
such masses of metal are of themselves, no slight impediment to the 

p 
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improvement of steam navigation, and would be greatly obviated ly 
the use of a stronger material. 

" Fortunately for this country, just at the time that the use of iron 
is extending, and improvements in its manufacture are developing, fresh 
discoveries are made of the raw material, and men seem to stumble, as 
it were by accident, on new fields of iron ore in places where those 
mineral riches have lain dormant for centuries, to await a new era and 
another age, when ships, like knights of old, are to go forth to battle 
in complete armour, and when the civil engineer has assumed the 
duties which devolved on the smith and armourer of former times.** 



Editorial Article in The Engineer y 2nd May, 1862. 

Iron and Sted in the Extiibilion, 

" Upwards of 4,000 tons of castings, supplied by Mr. Barrow, of the 
Stavely Iron Works, in Derbyshire, besides 1,200 tons of wrou^t-iron 
supplied by the Thames Iron Works, were employed in the construction 
of the building of the International Exhibition. Without noting these 
quantities as part of the exhibition of iron and steel, we will confine 
ourselves to the display made in the various classes. 

'' Messrs. Schneider, Hannay, and Co., the eminent ironmasterB, of 
Barrow, in North Lancashire, sent a model of their extensive hematite 
iron works, with which representation might be commenced the exam- 
ination of the whole process of converting the crude ore into iron and 
steeL We can haixfly do more, however, than note a portion of ikt 
objects actually exhibited under these heads. 

" Perhaps the largest contribution from an English ironmaster, or 
firm of ironraastera, is that by the Butterlcy Company, near Alfreton, 
in Derbyshire. They exhibit, in Class 1, Section 1, the foUowing speci- 
mens : — A solid wrought-iron deck beam, 1 G inch, deep, flanges, 6| 
inch, wide, thickness, ^ inch, and having solid knees formed whcJe with 
the beam. This is one of a lot for the new iron-plated frigate 
* Achilles.' A rafter bar, rolled with four flanges, and made to the 
order of Messrs. Cubitt & Co., for the roofs of the new buildings in 
Kew Gardens. A solid wrought-iron engine beam, a single slab 31 feet 
6 inch, long, 7 feet deep in the centre, 2g inch, thick, containing 1G3 
superficial feet on each side, and weighing 7 tons. An armour-plate, 
cut to sisse, viz., 14 feet long, 5 feet wide, 4^ inch, thick, and weighing 
6 tons. A wix)ught-iron boiler-plate, 12 feet 9 inch, long, 7 feet 6 
inch, wide, and 1^ inch thick. A sample, 7 feet 3 inch, long, of a 
patent solid wrought-iron main girder, 3 feet deep, with flanges 12 
inch. wide. Girders of the same section can be made 60 feet long if 
required, the upper and lower halves of the girder being rolled separ- 
ately, and afterwards welded by Mr. W. Bertram's process. A sample, 
4 feet long, is also given of a solid wrought-iron girder, 2 feet 6 incL 
deep, and having flanges 12 inch, wide; also of a like girder, 21 incL 
deep, with 6i-inch flanges, and ^ inch thick. Also of like girders 9 
inch, deep, with G^-inch flanges, and ^-inch thick, cut down to length 
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permitted by Commissioners of the Exhibition, viz., 14 feet. Also 
rolled girders, 14 feet long, 10 incL deep, and 4^-inch flanges; also a 
patent solid wronght-iron girder, 14 feet long, 12 inch, deep, and 6|- 
inch flanges. The exhibitors were limited by the Commissioners to a 
length of 14 feet, although many of the sections could be produced of 
any length, and the armour-plate originally intended for exhibition 
-was 24 feet long, 6 feet wide, and 5^ inch, thick. The Butterley 
Company succeeded in obtaining space for a railway bar 117 feet long 
and 5 j inch, deep, equal in length, therefore, to more than six ordinaiy 
rails. A tension bar for a wrought-iron girder is also exhibited, 83 
feet long, 12 inch, wide, and 1 inch thick. A railway carriage axle, 
bent cold, and a railway tank pumping engine, are also exhibited, 
besides a lot of sections of T and angle-iron, deck beams, <S^., and 
specimens of the coal and ironstone from which the whole were man- 
ufactured. In Class 5, the Butterley Company also exhibit a patent 
solid wrought-iron girder, 60 feet long, 14 inch, deep, and having 6^- 
inch flanges. 

'' It will be borne in mind that, until within a few years, it was 
practically impossible to roll beams, &c., of the proportions now 
exhibited, while large armour-plates and wrought-iron engine beams 
were unheard o£ 

" The Lowmoor Iron Company exhibit bowl-shaped vessels, drawn 
out by the hammer from circular iron plates, from 3 feet to 3 feet 10 
inch, in diameter, and perhaps f inch thick. These are placed upon 
a table, the top of which is a large plate of iron, supported by legs of 
round iron bars, each tied in a knot. 

** The Bowling Iron Company, the Monkbridge, the Shelton Bar Iron 
Company, and others, exhibit samples of their productions, the Shelton 
Company sending a plate of 112 square feet area, and -^^ inch thick. 

"The Weardale Iron Company, of Tow Law, Durham, send a 
variety of engine axles, lyres, ikc., of Bessemer steel. 

" Messrs. Taylor Brothers, of Leeds, send cranks, tyres, kc. 

"The Mersey Iron and Steel Company, of Liverpool, exhibit a 
double-throw wi-ought-iron crank-shaft, weighing between 24 and 25 
tons, and made for Messrs. Penn k Sons, for the engines of one of the 
new iron-plated frigates of 1,350 horse-power. The forging is a very 
smooth one, and a notification appears on one of the cranks that it 
has neither been smithed nor tooled. 

" The greatest display of steel in the Exhibition, and no doubt the 
greatest ever made, is that of Herr Krupp's, in the western annexe. 
The whole quantity of cast-steel exhibited by this maker must be 
about 100 tons, covering a platform 40 feet long and 17 feet wide. On 
another page we have given a view of the collection as it stands. 
There are two halves of an ingot, which, before breaking in two, 
weighed 21 tons. The ingot is 3 feet 8 inch, in diameter, and each half 
is nearly 5 feet long. After it was cast it was cut around in the middle, 
ajid broken under Krupp's famous hammer, the head of which weighs 
40 tons and falls 10 feet The fracture shows perfectly sound metal, 
although the ingot has never been hammered. Another ingot, 8 feet 
long, and weighing about 8 tons, is shown, rough at one end and ham- 
mered down at the other. An ingot, originally weighing nearly 1 5 tons, 
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and 30 inch, by 17 inch, in section, is shown broken into four pieces, 
so as to disclose the internal character of the metal A cast-steel 
intermediate shaft, of the kind supplied to the Holyhead and Kingston 
boats, is also shown. It is about 15 feet long and 2 feet in diameter, 
with a large air-pump crank-throw in the middle. The weight of this 
specimen is 15^ tons. A cast-steel breech-loading gun, weighing 9 
tons, and having a bore of 9 inch., is exhibited, bored and partly turned 
Also guns of the like description, and in like condition, rating, respec- 
tively, as 100, 68, 40, 25, and 12-pounders; also a rifled muzzle-loading 
4 pounder. Six small steel cylinders are also shown, to illustrate dif- 
ferent systems of rifling. A cast-steel double-crank screw-shaft, 24 feet 
long and 16 incL in diameter, made for the 700 horse engines of the 
North German Lloyd's steamers, running from Bremen, vt^ Southamp- 
ton, to New Tork, is shown, and also a finished steel shaft for one of 
the Danube steam-boats. A steel pump rod, 30 feet long and 5 inch, in 
diameter, is shown, and but for limited space a rod 60 feet long would 
have been shown, up to which length they have actuaUy been made. 
A cast-steel two-bladed screw propeUer, 9 feet in diameter,.and wei^ 
ing 800 lbs., is shown; also the head and flukes of an anchor on 
Trotman's principle. A number of cast-steel engine tyres are exhi- 
bited, among them a pair on the wheels, as taken from the Elastem 
Counties Railway, after running 67,000 Wles without once tomii^, 
the wear being very uniform, and about ^ inch in depth all round. 
A number of cast-steel axles, one having been run 66,179 miles, and 
another which has run 73,494 miles, are also shown. There is also a 
collection of steel rifle barrels, specimens of tool steel, roUs, &c. Bat 
for the limits of the space allotted to him, Herr Krupp would have 
exhibited some large steel plates. He is now erecting a rolling mil] 
with 2,000 horse-power, and rolls 15 feet in clear length between the 
standards, for rolling armour and other plates of cast-steel. By this 
mill he will be enabled also to tuna out plates each sufficiently large 
for the whole barrel of the largest locomotive boiler ever made. The 
Peninsular and Oriental Steam Na^^gation Company, we may add, 
have commenced the use of Krupp* s steel shafts in their stumers. 
We should observe, while we are upon this subject, that in the most 
impoi-tant cases the examples of Krupp*s steel in the Exhibition have 
been purposely broken, to show the quality of the metal. The frac- 
tures fihow sound steel over their whole surface, and aflbrd feu: better 
evidence of quality than any mere forging, however large, or however 
handsomely finished. 

" The Bochum Company, whose works are also in Bhenish Prussia, 
and but a few miles from Kmpp's, exhibit a cast-steel bell, weighing 
between 8 and 9 tons, as also a pair of caat-steel engine tyres of the 
great diameter of 9 feet 6 inch., besides cast-steel wheels and axles for 
i-ailway carriages, <fec. 

" The mode of casting steel into bells, wheels, and other objects, 
originally practised at Bochum, has for some time been adopted in 
Sheffield, and Messi-s. Naylor, Vikers, & Co. exhibit a number of 
such castings. Considering the difficulties in casting steel, these 
examples, although showing numeixjus small surface cavities, are, 
nevertheless, very creditable to the makers. 
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" Messi'8. Charles Cammell, of the Cyclops Steel Works, Sheffield, 
send numerous examples of their productions, and also a large and 
handsomely finished machine, made by Messrs. Greenwood k Batley, 
of Leeds, for testing Messrs. CammelFs steel daily, at their works, by 
tension, compression, and torsion. We expect to be able shortly to 
give an illustration of this machine, and shall defer till then a notice 
of the manu^su^ures accompanying it 

" Messrs. Shortridge, Howell, & Co. contribute an interesting col- 
lection of ' homogeneous metal,' and other steel or steely iron plates, 
tubes, ingots, <S^ A cast-steel ingot, 10 inch, square, presents a 
splendid fracture, and is accompanied by a case of numerous smaller 
samples of steel showing fractures also. A plate of ' homogeneous 
metal* 6 feet 6 inch, long, 6 feet wide, and -^^ inch thick, is exhibited, 
along with one 16 feet 6 inch, long, 3 feet wide, and \ inch thick. 
There is also a length of lap- welded tube of the same material, 3 feet 
in diameter and ^ inch thick. Homogeneous metal, so called, has 
only been produced to any ex tent, since 1856. Wrought-iron, as is 
well known, is almost, if not entirely, infusible, but when cut into scrap 
and put in a crucible along with 5 oz. or 6 oz. of charcoal to every 40 
lbs. of metal, it will melt under a high heat, and become exceedingly 
tough and strong. The ordeal is a severe one, however, for the melt- 
ing pots, and ' homogeneous ' metal thus produced is never likely to 
be dieap. Its strength is undoubtedly great, and its quality excellent. 
Sir John Burgoyne, we understand, in reporting upon some rifle expeii- 
ments conducted at Chatham, stated that a ^-inch plate of this metal 
was proof against a Mini^ ball at 100 yards range, whereas a i-inch 
plate of Lowmoor iron was not so. The force required to perforate a 
plate by a rifle bullet must be the same as that required to make a 
like hole by a punching machine; and as the resistance to punching is 
exactly as the tensile strength, we should say the alleged i*esults of the 
Chatham experiments were perfectly probable, Messrs. Napier's experi- 
ments having shown the greatest cohesive strength of small bars of 
Lowmoor iron to be 67,876 lbs. per square inch, while that of Messrs. 
Shortridge, Howell, & Co.'s homogeneous metal was 99,570 lbs., the 
lowest breaking strain being 82,218 lb& Mr. Howell also exhibits 
some cast-steel shells, cast without a core, the metal having been 
poured into a mould made to revolve rapidly in two directions at the 
same time. Shells can be thus cast of any thickness, and when after- 
wards filled in action with molten iron, the heat, instead of melting 
them, will only increase their toughness. On this accoimt Mr. Howell 
hopes to be able to fire these shells red hot through thick armour-plates. 

" We must close for the present with a notice of the objects, in 
Bessemer steel, exhibited in the case of Messrs. Bessemer k Co., of 
Sheffield. This case, apart from its contents, we may observe, is one 
of the handsomest objects in the building, occupying a space of 35 feet 
square in the southern portion of the eastern transept, near the dome. 
The simple discovery which has given to the world the cheap and ready 
means of making tlus steel direct from pig-iron is, perhaps, the most 
remarkable addition to modem scientific knowledge since the invention 
of the steam engine itself. The wide interest attaching to the process 
justifies us in describing it, with proper illusti-ations, on another page. 
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" Me8sr& Bessemer & Co. exhibit the following objects in Bessemer 
steel: — 1st. Cast-steel octagon ingot, 14 inch, diameter, broken to 
show that it is perfectly solid ; the fracture is preserved at one end, 
while the other is turned up in the lathe, and its perfect sor&ce can 
only be detected from forged steel by the unturned portion still 
exhibiting the marks of the mould As an ingot it is a most perfect 
example, and is the best answer to the statements of * W. S. P/ in 
a letter which appeared in our last number. 2nd. A cast-steel ingot, 
18 inch, square, weighing 28 cwt.; this ingot is the 6,410th 'direct 
steel' ingot msule by Messrs. Bessemer & Co., of Sheffield. 3rd. A 
24-pounder steel gun, in the rough, with the trunnions formed upon 
it, out of an ingot of the same size as the above. This gun is the 
ninety-second made by Messrs. Bessemer & Co. 4th. A 24-pounder 
steel gun, bored and finished by Messra Fawcett, Pi'eston, & Ca, of 
Liverpool, for whom a dozen of the same size are in course of being 
forged. 5th. A 34-pounder spherical shot in steel ; also a 43-pounder 
spherical shot, with a flat zone, fitting accurately the bore of a 3^ 
pounder, and an elongated 80-pounder for the same gun. The latter, 
being on the turbine principle, is suitable for discharging from a 
' smooth bore,' and will receive rotatory motion during its passage 
along the chase of the gun, thus rendering rifling unnecessary, and 
giving a higher velocity to the projectile. 6th. There are also half- 
a-dozen swords, a shield, a dozen bayonets, cuirass, helmet, Enfield 
rifle, and nfle barrels and revolver, all made of Bessemer steel, by Mr. 
Beeves, of Birmingham. In the engineering department will be 
found a 50 horse-power crank-shafb, made by Messrs. Galloway, of 
Manchester; a marine engine cross-head, by Fawcett, Preston, & Co., 
of Liverpool; an immense screw nut, and screw and box for a rolling 
mill, by Messrs. Hawkes & Smith, of Birmingham ; a steel piston rod, 
7 inch, diameter and 14 feet long, two smaller ones, and the piston rod 
of a locomotive engine, finished bright, and then folded backward and 
forward into a short length by the steam hammer, the severe blows of 
which are shown on its surface. There is also a hydraulic press 
cylinder and 7-incli i*am fitted into it, by Messrs. Peel, Williams, Jb 
Peel, of Manchester, who have a patent for steel cylinders. The ex- 
treme lightness of this press renders it particularly applicable for cotton 
pressing in India. This thin cylinder is capable of sustaining a pressure 
of 12 tons on every squai'e inch. In I'ailway matters we have — first, a 
rail 40 feet in length, rolled at Crewe. It is a beautiful sample of its 
kind. Some hundred tons of the rails are now laid. Next is a 
rail twisted cold into a spiral like a ribbon, and it does not 
show a single flaw after this severe treatment. All idea of the 
* brittleness of steel ' vanishes with the inspection of this example. 
There are also some close bends of rails, one of which is deserving 
special notice. Mr. Ramsbottom, the able engineer of the railway 
works at Crewe, had this piece taken up while covered with shaq) 
frost, and placed under the large steam hammer, where it stood the 
blows necessary to double both cuds together, without showing the 
smallest indication of fracture. This is an important fact in relation 
to the action of frost on steel, which is not affected thereby like iron. 
Under a glass shade is also exhibited several crop ends, or waste 
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pieces, cut from rails now in use on the London and North- Western 
Kailwaj. Thej show beautiful fractures. Some of the pieces have 
been polished at the ends, to show how perfectly fi«e they are from 
flaws ; one specimen, being polished all over, gives an excellent idea 
of the very beautiful material which lies below the dark scale of these 
homogeneous rails. There are also a pair of locomotive engine tyres 
and a passenger cai-riage tyre, one left black from the rolls, and the 
other two finished bright These tyres are especially interesting from 
the fact that the first solid form that the metal assumed was that of a 
hoop with a raised flange; the metal was never even in the form of 
pig-iron, having been run direct from the blast furnace into one of 
B^semer's converters, and, after nine minutes' blowing, was run into 
the mould, and formed into a cast-steel tyre. In these beautiful tyres 
we have an example of the complete and precise working out of Mr. 
Bessemer's first plans, as laid down in 1856 in his paper at Chelten- 
ham. The metal was run at once from the blast frimace into an 
upright fixed cylindiical vessel, with horizontal tuyeres fixed radially 
around the lower part, the quality or temper of the steel being ascer- 
tained by the appearance of the flame and sparks, and the metal was 
tapped by a bar, as practised in iron-founding, and as indicated in 
Mr. Bessemer^s patent. There is no alloy of metal, no ' spiegel eisen,' 
and no manffcmese in any form whatever, nor was any meted employed 
to re-carbonize, the entire process being precisely the same in all its 
details as that described to the meeting at Cheltenham, and patented 
by Mr. Bessemer. There are also some extraordinary examples of the 
toughness of the Bessemer steel, made from British coke pig-iron, 
among which may be enumerated two deep vessels of 1 foot in 
diameter, with flattened bottoms and vertical sides. At the top edge 
one of them is | inch, and the other | inch in thickness. These were 
forced up in a press from flat circular disks of steel. They can now be 
drawn into long tubes, either of their present diameter, or they may 
be reduced to locomotive boiler tubes of 2 inch, diameter. There is 
also shown an attempt to raise a piece of the best quality of Stafford- 
shire iron plate by the same tools; this only went about as deep in 
proportion as a dinner plate before it fractured all around the punch, 
and almost fell in two piecea It may be remarked that Mr. Parkes, 
who invented this beautifril system of making un welded tubes, has 
been obliged to use the very highest quality of copper for that pur- 
pose, as the ordinary copper of commerce generally cracks ; but the 
Bessemer steel, as seen by these examples, stands this fearfril ordeal 
with perfect safety. There is also a 5-inch square bar folded up quite 
close (red-ho^, as an example of the powers of stretching hot without 
a symptom of crack or flaw. Another 5-inch bar is half cut through, 
and then doubled close up, without any sign of fracture ; a mass of 
4 inch, in thickness is cut into nine cubes, not quite separated, and 
showing great tenacity as well as fiwility in working the metal. A 
4-inch square bar has been so twisted while hot that its angles have 
approached within less than half-an-inch of each other, so that what 
was originally 1 foot length of surface has now become 26 feet, while 
the central portion of the bar still preserves its original length of 1 
foot Mr. Bessemer also exhibits beautiful samples of steel wire, by 
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Fox, of Deepcar, near Sheffield ; wire cards for cotton and wool, by 
Messrs. Fairbaim Brothers; and some of these sharp elastic cards may 
be seen in the western annexe on the carding machines of Messrs. 
Piatt Brothers. There are also samples of plates of 4^-inch. to X inch 
thick; also round and square bars from 4 incL diameter to | inch; 
also flat and octagon tool steeL Among the tools exhibited are some 
beautiful taps, from \ inch to 3 incL diameter, by Chatwin, of Bir- 
mingham ; files, saws, and a variety of other tools, by Ibbotson, of 
Sheffield ; steel pens and split rings, by Mason, of Birmingham ; and 
some beautiful cutlery, by Mr. Botherham, of Sheffield. There are 
also exhibited on boards two piles of * scrap' — one is boiler-plate 
scrap, and the other ' ladle skulls,' that is, the thin shell of steel which 
sets in the ladle during the casting process. It is, consequently, 
neither hammered nor rolled. These piles have placed before each of 
them a bar of steel, made by treating a similar pile precisely the same 
as scrap-iron would be treated, and forging them into a solid bloom. 
A part of each bar, or bloom, has been turned in the lathe to show 
how sound the welding of some hundreds of pieces may be made. 

" Whatever may be the contrasts between the former and the pres- 
ent International Exhibitions, there is none in which the superiority 
of the present is more manifest than in the examples of iron and steel 
already noticed in this article. In 1851 the Butterley Company 
could have sent no such beams and plates, the success of the great 
Mersey foi'ging would have been to some extent doubtful, while as for 
Krupp's great steel forgings, they would have been looked upon as 
impossible, and Bessemer's steel, the Bochum steel castings, and 
Messrs. Shortridge <fe Howell's * homogeneous metal' were unknown. 
With such progress in so biief a i>eriod, what may we not look for in 
the future?" 
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Extract from "Proceedings of the Scottish Shipbuilders' 
Association," 5th January , 1863. 

" J. G. Lawrie, Esq., Vice-PresiderUy in the Chair, 

" Amongst the preliminary business, Mr. Mausel alluded to an article 
which had appeared in a recent impression of the Army and Xavy 
Gazette, in reference to which (in concurrence with the opinion 
of several members ; and as a simple act of justice to Mr. David 
Kirkaldy) he had considered it his duty to write to the Editor of that 
periodical the followiog letter : — 

"Scottish Shipbuilders' Association, 
" Queen's Rooms, Glasgow, 24fA Dec, 1862. 

" The Editor o/tlie Army and Navy Gazette, 
" Sir, — I have noticed an article in your impression of the 13tb 
December, describing a highly impoi-tant irapi-ovement in the mode of 
treating steel, which had been lately introduced at Woolwich Arsenal. 
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By the simple process of heating steel, and then plunging it in oil, or, 
as we may say, bj hardening it in that medium, it is correctly stated 
that the tenacity of the metal is greatly increased ; and there is little 
doubt but the inferences arrived at will be fully verified, and we will 
find * this toughened metal is likely to form a suitable material for 
forming the interior tubes of built up guns,' and again, that *the 
virtually condemned steel vent-pieces, which cost several thousands of 
pounds, can now be bi*ought into use.* 

" Exceptions, however, are likely to be taken to Mr. John Anderson, 
Assistant Superintendent* of Woolwich Arsenal, being * congratulated 
on his v^uable discovery,' seeing that, about two years previously, the 
fact upon which it was based was openly published as one result of 
the careful and elaborate set of experiments made for Messrs. R. 
Napier <fe Sons, of Glasgow, by Mr. David Kirkaldy. 

" These experiments formed the subject of a paper by Mr. David 
Kirkaldy, entitled, 'Eesults of an Experimental Inquiry into the 
comparative Tensile Strength and other Properties of Steel and 
Wrought-Iron under various conditions,' which was read before the 
Scottish Shipbuilders' Association on Ist April, 18G1 ; an abstract of 
the conclusions arrived at appearing about that date in several 
periodicals, for example, Glasgow Herald, 4th April, 1861, Engineer, 
12th April, 1861. 

" * CdncliUfian 11th. — Influence of various kinds of treatment Thus, 
in the hardening of steel: by hardening in water, in the ordinary 
way, the strength was found to be reduced twenty-six per cent.; 
whereas, by hardening in oil, the strength was increased seventy-nine 
per cent' 

" The process of temjiering in oil has, I believe, been long known 
and practised, in order to confer desirable qualities on steel instini- 
ments; but, so far as I am aware, Mr. Kirkaldy was the first to 
definitely point out the vast increase of tenacity of oil-hardened steel 
over the same steel when water-hardened. In conclusion, I may 
mention that the experiments referred to, together with a prior set 
communicated to the * Institution of Engineers in Scotland,' are em- 
bodied in Mr. Kirkaldy's volume of experimental data, published 
last July.— ^I have the honour to remain, yours truly, 

" Robert Mansel, Secy. 

" Mr. Mansel was not aware of any special notice having been taken 
of this communication; but subsequently, in an editorial note, the 
claim of novelty, advanced for Mr. Anderson, had been withdrawn. 

" Mr. BRAGGELt — A great deal of amusement was excited in Sheffield 
by the appearance of this article, claiming as an original invention a 
j>i*ocess which had been known in Sheffield for a century at least It 
is a well-known fact — eveiy one who has had practical experience of 
large screw taps knows — that when these taps are hardened in water, 
the very first time of using canies off the cutting edge ; when they 
are hardened in oil they will stand for a very long time. 

" The Chairman said — It is quite correct what Mr. Bragge tells us, 

* Since appointed Chief Superintendent 

t Of Messrs. J. Brown & Co., Atlas Works, Sheffield. 

Q 
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that the tempering of large taps in oil makeM them stand a great dtail 
better. I am not sure, however, although that is the case, that there 
was any clear idea that the bar of steel, per square inch, would stand 
a gi'eater breaking strain. It may have been so ; but I am not aware 
that that was clearly brought out 

'* Mr. Braooe. — It gave it a quality of toughness which, when tem- 
pered in water, it had not When tempered in water brittleness is 
the inevitable result; when tempered in oil that brittleness is 
absent 

'* Chairman. — That toughness applies, not only to the surface, but 
to the interior of the bar ? 

" Mr. Bragoe. — Yes. It appears to me you cannot have two quali- 
ties — an external and an internal quality of hardness — unless in a 
very large mass. 

" Chairman. — Suppose you were to temper a bar two inches square 
in water, and another in oil — cut a bar of one square inch from the 
centre — would that tempered in oil be stronger? Waa it known 
before Mr. Kirkaldy pointed it out that the one tempered in oil 
would be stronger ? 

'' Mr. Bragge. — I am not aware that the experiment has been made. 
But the simple fact of hardening in oil to obtain toughness, has been 
known since saws were made; for saws have always been, within the 
memory of man, hardened in oil, and never in water. 

" Mr. Kirkaldt. — If you harden a saw in water it will be all bent 
and twisted; and it was only to prevent this twisting that oil was 
used instead of water. 

" Mr. Braogel — There seems to be something in the giving off of 
the heat in the water which oil does not possess. The water absorbs, 
as it were, the heat of the steel instantaneously, while the oil absorbs 
it with a certain degree of slowness; and, therefore, in hardening 
springs of the best quality, oil is adopted instead of water. c 

" Mr. Kirkaldy. — I think it could not have been known previous 
to my exiK^riments that the strength of steel was so greatly increased 
by being hardened in oil ; otherwise, why wei-e * the steel vent- 
pieces ' referred to by the Editor of the A rmy mid Navy Gazette, on 
1 3th December, not originally so treated ? I may mention that Mr. 
Anderson obtained a copy of my Exjyeinrnenta on Wrov/gld Iron, and 
Steel from myself on the 20th October ; and probably his attention 
was directed to the subject from the facts elicited in course of my 
expei-imental inquiry. 

" Mk. Barber. — I think it is quite right that credit should l>e given 
to whom credit is due ; and I think Mr. -Mansel did quite right to let 
the j)ublic know that Mr. Kirkaldy had found out the fact before 
Mr. Andei*son." 
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Beardmore, Nathaniel, C.E., West- 
minster, 

Beattie, Joseph, Loco. Supt, London & 
South-Westem Railway, London, 

Beith, J., Cumberland Foimdry, Glasgow, 

Bell & Miller, C.E., Glasgow, . 

Bellhouse & Co., E T., Eagle Foundry, 
Manchester, 

Bennett, J., Iron Founder, Liverpool, 

Benzon, R L., London, Naylor, Vickers, 
& Co., Sheffield, .... 

Bergue & Co., Charles de, Strangeways 
Iron Works, Manchester, . 

Bessemer, Henry, Steel Maker, London, 

Bessemer & Longsdon, Steel Makers, Shef- 
field and London, .... 

Beyer, C. F., Gorton Foundry, Manchester, 

Biddulph, Wood, & Jevons, Iron Mer- 
chants, Liverpool, .... 

Birrell, George, Iron Merchant, Glasgow, 

Blackburn, Isaac, Witton Park Iron Works, 
Darlington, 

Blackie & Son, Publishers, Glasgow, 

Blackwell, Samuel H., Russell's Hall Iron 
Works, Dudley, .... 

Blackwood & Gordon, Engineers, Port- 
Glasgow, 

Blochaim Iron Company, Glasgow, . 

Blyth, Benj. & Ed,, C.E., Edinburgh, . 

Boag, John, Metal Merchant, Glasgow, . 
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Botham, J., Manager, Eagle Foundry, 

Liverpool, 1 

Bouch, Thomas, C.E., Edinbuigh, . 1 

Bowling Iron (JomiMmy, Yorkflhire,, . 1 

Bowman, D. W., Engineer, Pemambuco, 1 
Bowser & Cameron, Springtield Iron 

Works, Glasgow, .... 1 
Bradford, Thomas, Queen Street Works, 

Manchester, 1 

Brady, Francis, Engineer's OfiUce, South- 

Eastern Railway, London, 1 

Bragge, W., Atlas Works. Sheffield, . 1 

Bramwell, F. J., C.E., Westminster, . 1 
British Iron Company, Comgreaves, near 

Birmingham, 1 

Brown and Jeffcock, C. & M. K , Bamsley, 1 

Brown, R., Shotts Iron Works, Glasgow, 1 

Brown, William, Merchant, Glasgow, . 2 
Brown, W. S., Loco. Supt., Edinburgh & 

Glasgow Railway, Glasgow, . . I 
Brownlcc, James, Port-Dundas Saw Mills, 

Glasgow, 1 

Bruce, George R, C.E., Westminster, . 1 

Brunlees, James, C.E., Westminster, . 1 
Budge, John, Loca Dept, Great Northern 

Railway, London, .... 1 

Bidlerton, W., (It. < ieorgeSt, Westminster, 1 
Burgess, J. F., Manager, Regent Iron 

Works, Manchester, . . .1 

Bums, .lolin, Shijwjwner, (Jlasgow, . . 1 

Butler, A. E., KirkstiUl Forge, I^'cda, 2 

Ciibry, Thonuis, Eni^necr's OtKce, North - 

Eastern Hail way, York, . . .1 
Cameron, John, E^erton ISt. Iron Works, 

Manchester, 1 

Cammell & (.-o., Charles, (.'yolops Steel 

and Iron Works, Slielhcld, . . 2 

Campbell, David, C.E., IiverjKH)l, . . 1 

CamplKill, .James, Elliot Works, (Uasgow, 1 

Campbell, Johnstone, & Co., I/mdoii, . 1 
Carmichael & Co., James, Wanl Foundry', 

Diuidee, 1 

Carmichael, Peter, Dens Works, Dundee, 1 

Carr, Henry, C.E., Westminster, . . 1 

Chalmers, David, Kates Mill, ?)4linburu:h, 1 
i 'liaplin & C<»., Alex., Cnuistonhill Engine 

Works, Glasgow, .... 1 

( 1 lurch. JalKjz, C.E, Chelmsford, 1 

(lark. Daniel K., C.E, London, . 1 



ClartL, Daniel, Knginew to the Penna 

Government, \ 

Clark, Edwin, C.£L, Westminster, . . 1 
Clay, William, Mersey Steel and Im 

Woiks, liveixiool, . ... 
Clinkskill, James, Engineer, Glaigow, . 
Coalbrookdale Iron Company, Shrofikii^ 
Coates, Thomas, Feigoalie Hooae, ftUtj^ 
Cochran, G., Loco. Sap*t, Monkkid 

Railway, Coatbridge, . . . 

Cochrane & Ca, London, Woodaide Ira 

Works, Dudley, ... 

Colville & Gray, Clifton Iron Wcrio, 

Coatbridge, 

Colvin, Williun, Metal Merchant, Glsi^ 
Conner, Benjamin, Loca Supt, CalMkayi 

Railway, Glasgow, . ... 
Consett and Derwent Iron Con^MUly, 
Cook, Robert, Engineer, Glasgow, . . 
Corlett, H. Ia, Gt Southern and Wcrten 

Railway, Inchicore, Dublin, 
Coulthard & Sons, W., Park Iron WodOk 

Blackburn, 

Couper, Thomas, Manager, D., P., 4 L 

Shipping Company, I>andee, . . 
Cowan, William, Loca Supt, Great NoiA 

of Scotland Railway, Aberdeen, 
Craig, William G., Engineer, London, . 
Crighton & Co., William, Machinists, Maa- 

chester, 

Cubitt, Joseph, C.E., Westminster, 
Cud worth, .James, Loco. Sa{it., Sootii- 

Eastern Railway, Ashfbnl, 
Cuimingham, J., Architect and EngiDKr. 

Liverpool, . . ... 

Currie & Co., D., Shipowners, liverprol. 
I 

I)a<rlish, Jun., R, St. HeleuX LancailuiC 

Davidson^ S., Royal Laborator)', Wool- 

! "wich Arsenal, 

I Daviilson, William, Agent, Stockt**, • 
' DaWdson, jun., Wm., Lloyd's Sunwor, 
! Southampton, . . ... 

j Davis, John, Liver|)ool Street, LuDikn, • 

Day & Co., C. A., Northam Iron Woifai 
I Southampton, . . . . • 

Day, John, Manager, Lady Bank WoiU 

Dimdee, . . . . . • 

I Demi^sey, William, C.E., Westminsttf. • 

Demiy, Arch., Shipbuilder, Dumlart**. 
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Dixon, William, Govan and Calder Iron 
Works, Glasgow, 
^^JDobson ft Barlow, Machinists, Bolton, 
. Ikwinan, William H , C.E., London, 
Douglas, Campbell, Architect, Glasgow, 
L IKniglas, Robert, Dunnikier Foundry, 

Kirkcaldy, .... 
.' 'JfkmfjiBA, Wm., Regent Terrace, Penzance, 
^plknrlais Iron (Company, Merthyr Tydvil, 
^^jpownie, J., Phoenix Iron Works, Glasgow, 
'^-jhidgeon, John, Sun Iron Works, Mill- 
wall, London, 

I>ii£^ J., Oakbank Engine Works, Glasgow, 

Duncan, James, Engineer, Glasgow, 
^Dnncan, Thoa, C.E., Waterworks Office, 

W Liverpool, 

^ Dunn, Thomas, Windsor Bridge Iron 
-^ Works, Manchester, .... 

]>yaon, George, Tudhoe Iron Works, 
^ Ferry Hill, . . . . . 



^Xuton, . 



, P. B., Malvern Place, Cheltenham, 

, J., C.E., Ness House, Gateshead, 

& Son, Thomas, Phcenix Iron 

Works, Glasgow, 

|*Umand, ^ Woolwich Arsenal, . 

p A)e k Ca, John, Phoenix Iron Woi^ 

Manchester, .... 

^Anerson ft Murgatroyd, Heaton Foundry, 

Stockport, .... 

on, William, Engineer, Gas Works, 

Cheltenham, .... 

^Inms, Fred. John, Charteral Gas Works, 

Westminster, .... 



'fcirbaim, William, LL.D., Manchester, 
I Aurbaim ft Ca, Machinists, Manchester, 
J fcirlie, R. F., C.E., Gresham House, London, 

rj*arey, Barnard W., Manager, Bryan Don- 
kin ft Co., London, . 
'' Wanaer ft Brooghton, Adelphi Iron Works, 
^ Manchester, .... 

\ Vtaulds, Robert, Engineer, Glasgow, 
^swcett, Preaton, ft Co., Liverpool, . 
^evgnaoD, Anderson, ft Ca, Iron Mer- 

chantB, Glasgow, 
Vbaain, Henry, Iron Merchant, London, 
^neming, Alex., Iron Merchant, Glasgow, 
netdier, Edward, Loca Supt, North 
Eastern Railway, Gateshead, 



Flefoher, L. E., Association for Preventing 
Boiler Explosions, Manchester, . . 1 

Footner, Harry, C.E., London and North- 
western Railway, Liverpool, , 

Forrest, William, Engineer, Glasgow, 

Forrester ft Co., Geo., Vauxhall Foundry, 
Liverpool, • . • . . 

Fothergill, Benjamin, Engineer, London, 

Fowler, John, C.E., Westminster, . 

Fowler, J., Ackworth Villa, Pontefract, . 

Freeman, Joseph, London, Lowmoor Iron 
Company, Yorkshire 

fYomings, J. H., Whittington Iron Works, 
Chesterfield, . . ' . 

Froude, Wm., C.E., Elmslei^, Paignton, 

Gale, James M., C. E., Water Works Office, 
Glasgow, 

Galloway, R., Board of Trade Surveyor, 
London, 

Gardner ft Stevenson, Glasgow, 

Garrett ft Son, Richard, Agricultural 
Engineers, Leiston Works, Suffolk, . 

Gibb, Alexander, C.E., Aberdeen, . 

Gibbons, B., Hillhampton House, Stourport, 

Gibson, J., Carriage Department, Great 
Western Railway, Paddington, . 

Gilkes, Wilson, ft Ca , Tees Engine Works, 
Middlesborough, .... 

Glasgow Iron Company, Glasgow, . 

Glass, Elliot, ft Ca, Great George Street^ 
Westminster, 

Glen ft Ross, Greenhead Engine Works, 
Glasgow, 

Glennie, George, Iron Founder, London, . 

Oooch, Daniel, Loco. Supt, Great Western 
Railway, Swindon, .... 

Gourlay Brothers ft Ca, Dundee Foundry, 
Dundee, 

Gonriay, Robert, British Iron Works, 
Glasgow, 

Governor ft Co. , Copper Mines, Cwm Avon, 
Taibach, Glamorganshire, 

Graham, George, C.E., Caledonian Rail- 
way, Glasgow, 

Gray, Alex. D., Engineer, Glaqgow, 

Gray, John, Agricultural Engineer, Ud- 
dingston, 

Green ft Son, Edward, Engineers, Man- 
chester and Wakefield, 
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Greenwood & Bailey, MacliinistB, Albion 
Iron Works, Leeds, .... 1 

Greig, John, Manager, Coltnesa Iron 
Works, Motherwell, 

Grew, Nathaniel, Engineer, London, 

GuMe, F., Inspector for the French Gov- 
ernment, Greenock, .... 

Hall, James, Shipbnilder, Aberdeen, 
Hall, William, C.E., Westminster, . 
Hanna, Donald & Wilson, Abbey Works, 

Paisley, 

Harrison, G., Canada Works, Birkenhead, 
Harvey, G. & A., Albion Works, Glasgow, 
Hawke, jun., K H., Scarrier, Cornwall, . 
Hawkshaw, John, President, Institution 

of Civil Engineers, Westminster, 
Hawksley, Thomas, C.E., Westaninster, . 
Hawthorn, B^bert, Engineer, Forth Banks, 

Newcastle-on-Tyne, .... 
Heath, Robert, Biddulph Valley Iron 

Works, StaflEbrdshire, 
Hedley, John, Government Inspector of 

Mines, Derby, 

Hemans, G. W., C.E., Westminster, 
Henderson & Son, William, Aberdeen, . 
Hendry Brothers, Metal Merchts. , Glasgow, 
Hick & Son, B., Soho Iron Works, Bolton, 
Hodgart, Matthew, Manager, Craig, Full- 

arton, k Co., Paisley, 
Hodgson, R. , C. E. , Engineer's Office, North 

Kistem Railway, Newcastle-on-Tyne, 
Hodgson & Stead, Egerton Works, Man- 
chester, 

Holcroft, George, Engineer, Manchester, . 
Holt, Alfred, Merchant, Liverpool, . 
Hopkins & Co., Tees Side Iron Works, 

Middle8lx)rough, .... 
Hopkinson, John, Engineer, Manchester, 
Howard, Ravenhill, & Co., King and 

Queen Iron Works, London, 
Hulse, WiUiam W., of J. Whitworth & Co., 

Machinists, Manchester, . 
Humphrys, Edward, Engineer, Deptford, 
Hunter, J., Newmains House, Motherwell, 
Hunter, John, Dalmellington Iron Works, 

Ayrshire, 

Irving, T. G., Engineer Dept., Royal 
Mail Company, London, . 



Jack & Ca, James, Victoria Engine W<nk% 

liverpool, 

Jackson & Co., P. R., Salford RoQiiig 

Mills, Manchestexv .... 
Jackson, Jan., T., CoateB Itoq Woik^ 

Coatbridge, 

James, Thos., Iron Merchant^ liverpool, 
Johnson, Richard, C.E., Great NortlMoi 

Railway, London, .... 
Johnstone, William, 0.R, Glasgow and 

South- Western Railway, Glasgow, . 
Jones & Sons, John, Engineers, liverpool, 
Jowitt & Son, T., Royda Works, Sheffidd, 
Just, Williami, Pacific Steam Navigation 

Company, liverpool, 

Kay, John C, Phoenix Foondzy, Bmy, . 
Kennard, Robert H., aE., Weatminsta^ 
Kennedy, Angus> EDgineer, Glasgow, . 
Kennedy, Colonel, C.K, Bombay, Bsnd% 

and Central Indian Railway, Loodca^ 
Kennedy, James, C.K, C r wwingt on FaA, 

Liverpool, • • • . 
Kennedy, Thomas, Woolwich Aisenal, 
Kidston & Co., A. G., Metal Mirrhtsti 

and Shipowners, Glasgow, 
Kidston & Sons, WiUiam, Metal Mer 

chants and Shipowners, Glasgow, 
Kinder, Arthur, Engineer, London, 
Kingsbury, W. J., C.R, Westminsto; 
Kinnersley & Co., Clough Hall Iron Worka, 

Kidsgrove, Stock-on-Trent. 
Kirkless Hall Coal and Iron ComposT, 

Wigan, 

Elirks & Dineen, Bar Iron Mannftctnren, 

Workington, .... 
Kxupp, Friedrich, Essen, Prussia, . 

Laidlaw & Son, R., Alliance Foundiy, 

Glasgow, 

Laing, William, Engineer, Glasgow, 
Laird, Brothers, Engineers and Sb^* 

builders, Birkenhead, 
Lamb, Andrew, Supt. Engineer, Peninm- 

lar and Oriental Co., Southampfcoo, 
Lancefield Forge Com^iany, Glasgow, 
Landale, Andrew, LochgeUy Iron Woii% 

Fifeshire, ..... 
Lane, Michael, C.E, Great Western Bifl- 

way, Paddington, , 
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Laurence Brothers k Ca, City Iron 

Works, London, .... 

Law, D., Phoenix Iron Works, Glasgow, 

Lawson k Son, J. , Monntblue Iron Works, 

Glasgow, 

Layboum, Richard, Loca Supt, Newport, 

Monmouthshire, .... 

Lees k, Sons, H., Park Bridge Iron Works, 

Ashton-under-Lyne, .... 

Leonard, Moses, Phoenix Iron Works, 

Coatbridge, 

Levick & Ca, Fred., Iron Merchants, 

London, 

Lerick, Fred., Bhuna and Coalbrook Iron 

Works, Newport, Monmouthshire, . 

Lloyds, Foster, & Co., Old Park Iron 

Works, Wednesbury, 

rj liynvi-Vale Iron Company, London Office, 

. LoDgidon, Alfred, London, Bepresenta- 

tive of Friedrich Kmpp, Prussia^ 
^ Loah, Wilson, & Bell, Walker Iron Works, 
\ Newcsstle-on-Tyne, .... 
I haw, J. F., Monifieth Foundry, Monifieth, 
^ Lowmoor Iron Company, Yorkshire, 

tmaden, J., Britannia Works, Coatbridge, 
f Xxmgley, Charles, Shipbuilder, Beptford, 
' Lyster, George F., Engineer, Mersey Docks, 
fli LLverpool, 

IC'Andrew, John, of St. Rollox Foundry 

Company, Glasgow, .... 
IfCall, David, C.E., Glasgow, 
Af "Creath, J., Mining Engineer, Glasgow, 
. ih['£wan k Son, John, Metal Merchants, 

Glasgow, 

^^aiiane, J. B., Engineer, Gaythom 

Gas Woiks, Manchester, . 
^^arlane, Walter, Saracen Foundry, 

Glasgow, 

IM* ^regor, J. , Beechwood, Partick, Glasgow, 
:te«6regor, P. k J., Falcon Works, Man- 

cheater, 

Ikllntyre k Ca, John, Ship Smiths, 

Glasgow, 

tt'Kenzie, dunes, k Holland, Vulcan Iron 

. Works, Worcester, . 
VfKenzie, John, Dnndyvan Iron Works, 

Dnndyvan, 

MOieUan, Walter, Chitha Iron Works, 

Glasgow, 



M<Lennan, A., Engineer, Liverpool, 
M*Nab, J., Dumbreck Priory, Glasgow, . 
M 'Naught, Wm., Engineer, Manchester, 
M'Onie, W. & A., Engineers, Glasgow, . 



Main, Thomas, Engineer, New York, 
Mallet, Robert, C.E., Westminster, 
Marten, Edward B., Midland Boiler In- 
spection and Assurance Company, 

Stourbridge, 

Martin, H., Guide Bridge Iron Works, 

Manchester, 

Martin k Son, Coatbridge Iron Works, 

Coatbridge, 

Martin, jun., William, Dundee, 

Marshall, F. C, Manager, Engine Dept, 

Palmer Brothers, k Ca, Jarrow, 

Gateshead-on-Tyne, . . . . 

Marshall, K, Royal Mail Co., London, . 

Martley, William, Loco. Superintendent, 

London, Chatham, k Dover Railway, 

London, 

Masselin, Armand, C. E , Grosvenor Place, 
Birmingham, 

Mather, Ledward, k Co., Metal Mer- 
chants, Liverpool, .... 

Maudslay, Sons, k Field, Engineers, 
London, 

Miller k Co., James, Rivet and Bolt 
Makers, Glasgow, 

Miller, George M, C.E., Engineer's Office, 
Gt South, k West. Railway, Dublin, 

Miller, Jan., John, of Cato, Miller k Co.. 
Liverpool, .... 

Milne, James, C.E, Forth and Clyde 
Navigation Company, Glasgow, 

Mitchell k Ca, C, Iron Shipbuilders, 
Newcastle-on-Tyne, . 

Mitchell k Wallace, Camlachie Foundry, 
Glasgow, 

Moore k Manby, Iron Merchants, Dudley 

More k Son, Alex., Machinists, Glasgow 

Morris, James, Metal Merchant, Glasgow, 

Morrison, Robert, Engineer, Newcastle 
on-Tyne, 

Morton, James, Iron Merchant, Greenock, 

Moulton, J., Machinist, Rochdale Road, 
Manchester, .... 

Muir, William, Britannia Works, Man 
Chester, 
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Murdoch & Donald, Metal Merchanta, 
Glasgow, 2 

Murray, John, C.E., Westminster, . 

Murray, Robt., Board of Trade Surveyor, 
Southampton, 

Musgrave & Sons, J., Globe Iron Works, 
Bolton, 

Naylor, Vickers, & Ca, Don Steel Works, 

Sheffield, • . 

Naylor, Wm., Great Indian Peninsula 

Railway, London, .... 
Neilson, James, Mossend Iron Works, 

Glasgow, 

Neilson & Maxwell, Metal Merchants, 

Glasgow, 

Neilson, Walter, Summerlee Iron Works, 

Glasgow, 

Neilson, W. M., Hyde Park Locomotive 

Works, Glasgow, .... 
Neville, W. H., Old Lodge Iron Works, 

Llanelly, Carmarthenshire, 
Norris, G. S., Baltimore, Agent for Earl 

of Dudley, Staffordshire, . 

Ormerod, Grierson, & Co., St. George's 

Iron Works, Manchester, . 
Orr, J. C, Shiiwwner, Glasgow, 
Owen, William G., C.E., South Wales 

Railway, (Gloucester, 
Ower, C. , C. K , Harl>our Office, Dundee, 

Page, Thomas, C.E., Westminster, . 
Palmer Br<.»thers & Co., Shipbuilders, 

Jarrow, Newcastle -on -Tyne, 
Parkside Mining Company, Whitehaven, 
Parsey, William, C.E., Westminster, 
Peacock, R., Gorton Foundry, Manchester, 
Peel, George, Soho Iron Works, Ancoats, 

Manchester, 

Peninsular and Oriental Company, Tx)ndon, 
Penn & Son, John, Engineers, Greenwich, 
Petrie & Co., John, Phoenix Foimdry, 

Rochdale, 

Piercy, Benjamin, C.E., Westminster, . 
Piatt Brothers & Co., Hartford Works, 

Oiaiiam, 

Playfair, James, Merchant, Glasgow, 
Playlair, Patrick, Merchant, Glasgow, . 
Pole, William, C.E., Westminster, . 



Pollock, Thomuy Cheapnde Copper lad 

Brass Wofka, Glasgow, . . . 1 
Pooley k Son, Henry, Albion Fonndiy, 

Liverpool^ 

Porteons, Dnndas S., Machinist, Paoky, 
Porter k Ca, John H., Ebro Woriu, Tifi* 

dale, Tipton, 

Potter k Go^ William H., Shipbnildak 

Liverpool, 

Preston, Francis, Ancoats Bridge W(ifc% 

Ardwick, Manchester, 

Radford, William, CJEl, Manchester, . 
Ramsbottom, John, Loco. Snpt^, Londai 

and North-Westem Railway, Ctfmt, 
Ramsden, W. G., of Horton k, Son, Ei- 

gineers, liveipool, 
Rankin, H., Union Foandxy, liTopool, 
Rankine, Professor J. W. Maopioii, 

C.E., LL.D., Gla^ow, 
Redman, John B., C.R, W( 
Reed, K J., Secretaiy to 

Naval Architects, London, 
Reid, James, Manager, Sharp, Stevs^ 

k Ca, Atlas Works, Manchester, 
Reid, John, Shipboilder, Pori-GIaigov; 
Reynolds, E., Engineer to Naylor, Vickef% 

& (;a, Don Steel Works, Sheffield, 
Rigby & Breadmore, Parkhead Forge, 

Glasgow, . 
Rishton, J. E. M., Manager at Grissdh' 

I^gent Canal Iron Works, London, 
Ritchie, J. H., Lloyd's Surveyor, Loodds, 
Roberts, George, Manager, Openshsv 

Carriage Works, Manchester, . 
Robertson, A. J., C.E., Westminster, 
Robertson, D. & W., Metal Merchanti. 

Dimdee, . 
Robertson, J., at Caird k Co., Greenock, 
Ro1)ertson & Orchar, Wallace Fonndif, 

Dundee, . 
Robertson, S., at Caird k Co., Greenock, 
Robertson, Whl, C. & M. E., Glasgow, 
Robinows k Marjoribanks, Glasgow, 
Ilobinsun k Cottam, Engineers, West- 
minster, . 
Robinson, J., Atlas Works, Manchestffr 
Robinson, H. 0., Machinist, Westminster, 
Robinson, Walter, Gospel Oak Iron Woiki, 

Tipton, J 
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Ho.«r 
Ooptai. 

km, J. P., liynvi-vale Iron Worka, GIa- 

morganshire, 1 

oper, mchaid S., Cwnbran Iron Works, 

Newport, Monmoutiisbire, . 1 
iMB, Alex. S.y Liverpool, Agent for Henry 
P. Paz^es, Anchor and Chainmaker, 

Staffordshire, 1 

Miiwell & Co., Union Foundry, Bolton, 1 
tootiedge & Ommanning, New Bridge 

Foundry, Manchester, . .1 

Sowan & Ck)., Atlas Works, Glasgow, 1 

towan, D., Cranston Foundry, Glasgow, 1 

toyden & Son, T., Shipbuilders, Liverpool, 1 

Unsell, G., Engineer, Glasgow, . I 

iMeell, J. Scott, C.E., Westminster, . I 

lMar€, Charles, Loco. Supt, Manchester, 
Sheffield, and Liverpool Railway, 

Manchester, 1 

hit, G., Saltaire, Bradford, Yorkshire, . 1 
lejiemnuum, G., of Schulte & Schenunann, 

Hamburg, 2 

diofield & Sons, John, Commercial MUls, 

Manchester, 1 

Mti, Joseph, Manager, Hawthorns' En- 
gine Works, Newcastle-on-Tyne, . 1 
sofei, Michael, C.E., Westminster, . 1 
vwelly John, Engineer, London, . 1 
lanks, Andrew, Engineer, London, 1 
lanks & Ca, T., Machinists, Johnstone, 1 
uurpe, W. J., C.E., Westminster, . 1 
beri£^ Thomas, Iron Founder, Glasgow, 1 
idelds, P. W., C.E., Westminster, . 1 
bortridge, Howell, & Co., Hartford Steel 

Works, Sheffield, .... 1 
temens, Charles W., C.E., Westminster, 1 
tmons ft Co., W., Engineers and Ship- 
builders, London Works, Benfirew, . 1 
impeon ft Co., W., Engineers, London, . 1 
faonipeon, George, C. ft M. E., Glasgow, . 1 
imjieon, James, C.E., Westminster, . 1 
indair, Robert, Locomotive Supt, Great 

Eastern Railway, Stratford, . 1 
killicom, J. £., Manager, North Foundry, 

liverpool, I 

mall. Captain Thomas, Glasgow, . . 1 
imiih Brothers ft Ca, Kingston Engine 

Works, Gksgow, .... 1 
fanith ft Ca, A. ft W., Eglinton Engine 

Works, 1 



Smith, Colonel, Indian Canal and Irriga< 

tion Company, London, . 
Smith, Fereday, C.E., Bridgewater Offices, 

Manchester, 

Smith, James, Union Street, Glasgow, . 
Smith, John, Ebigineer, Glasgow, . 
Smith ft Rodger, Engineers and Ship- 
builders, Glasgow, .... 
Snell, J. A., Metal Merchant, Glasgow, 
Stephenson, G. K, C.E., Westminster, . 
Stevenson, Nathaniel, Merchant, Glasgow, 
Stewart ft Co., D. Y., Founders, Glasgow, 
Stewart, John, Blackwall Iron Works, 

London, 

Stewart, Samuel, C.E., Glasgow, . 
Storey ft Son, Isaac, Knot Mill Brass and 

Copper Works, Manchester, 
Strapp, John, C.E., South- Western RaU- 

way, London, 

Sturrock, Archibald, Loco. Supt, Great 

Northern Railway, Doncaster, . 
Swan, Alex., Manager, Greenock Foundry 

Company, Greenock, 
Swan, William, Shipbuilder, Glasgow, . 
Swann, William, Westminster, 

Tait, William, Scotland St Iron Works, 
Glasgow, 

Taylor Brothers ft Co., Clarence Iron 
Works, Leeds, 

Taylor ft Hirst, Marsden Foundry, Hud- 
dersfield, 

Taylor, James, Britannia Works, Bir- 
kenhead, 

Tennent, John, St Rollox Chemical Works, 
Glasgow, 

Thain, John, Shipowner, Dundee, . 

Thomson ft Browning, Westminster, 

Thomson, James ft George, Clyde Bank 
Foundry, Glasgow, . . . .3 

Thomey croft ft Co., G. B., Shrubbery 
Iron Works, Wolverhampton, . . 2 

Tod ft M'Gregor, Engineers and Ship- 
builders, Clyde Foundry, Glasgow, . 

Tone, John F., C.E., Newcastle-on-Tyne, 

Townshend, Wood, ft Co., Iron Merchants, 
Swansea, 

Trickett, John, Supt Engineer, Royal 
Dockyard, Woolwich, 

Tulloch, .Tohn, Engineer, Dumbarton, 
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Waddell, Robert, Engineer, liyerpool, . 1 
Wainwright Brothers, Boiler Makers, 

Liverpool, .... 
Wakefield, Henry, C.E., London, . 
Walker, James (late), C.E., LL.D., West^ 

minster, 

Walker, G. L., Merchant, Glasgow, 
Wallace, Wul, Supt. Engineer, Montreal 
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OPINIONS OP THE PRESS. 



The M£chanic*b Magazine, ^9th August, 1862. 
. " The work before ns is a most important contribntion to the literature of science, and 
Kmld find a place among the works for every-day consultation in the libraries of all scien- 
Bc men, and particularly of all in the least degree connected with the manu&cture or 
Biiloyment of wrought-iron and steeL .... The value of a work like the one before 
I depends upon several conditions. It is important that the author shall bring to his task 
due amount of ability— that he shall hepmcticaUy quaHfied for his work— that his experi- 
flnts shall be made with the honest determination of arriving at the truth, without fear 
^offending existing prejudices or coming into collision with supposed vested interests— that 
le subjects of his experiments shall be sufficiently numerous, and the results corroborated 
f repeated trials— that the tests themselves shall be simple and familiarly described, so that 
be qualities of the tests may, if needful, be tested, and the results verified. Now, we 
dieve the author has fulfilled all these conditions." 

The Practical Mechanic's Jouenal, Ist October, 186B. 
"This is a thoroughly painstaking, able, modest, and elaborate work, and one that 
nkea a very valuable addition to the stock of engineering data. .... To give an 
dequate notion of the mass of tabulated matter comprised in this well-printed volume, 
Rmld need extracts of a length that our space forbids. We have no doubt that Mr. 
Cxrkaldy's labours will be found to have entitled him to a place amongst the standard 
nthors of one of the most valuable classes of our engineering constants. —Ed." 

The EHGiirEERy 25ih July, 1862. 
"Mr. Kirkaldy collected, as far as possible, what may be called commercial specimens 
if the different irons and steels, resorting only, where no other supply was at hand, to 
•mples sent as such by the manu&cturers. In this way his results possess a value which 
bw experiments of the kind have yet given. .... So diverse, suggestive, and, above 
11, so trustworthy are the facts brought out by this inquiry, that few engineers, we are 
cmvinced, will neglect to make them the subject of early and careful study." 

The Civil Engineer and Architect'8 Journal, 1st February, 1863. 

" That the reduction as well as the oonductmg of these experiments must have been 

work of no inconsiderable time and labour, may well be conceived, when we find that 

Itogether some 1,500 specimens have been submitted to test in one way or other, and the 

Molts classified and tabulated in a singularly minute, systematic, and exhaustive £whion. 

. . . The contraction of the sectional area under tension, and at the moment of fracture, 

nd the indications thus afforded of the nature of the metal, are, we believe, for the first 

ime, systematically recorded and pointed out in the work before us." 

The Civil Engineer and Architect's Journal, 1st April, 186S. 
** After the extracts that have been given, it is hardly necessary to say much in com- 
lendation of the work. Its author has done signal service to engineering science, and one 
iiAt will prove indirectly of real benefit to our iron manu&cture. Hitherto we have 
osaessed no work on any one mechanical property of wrought-iron to approach the unpre- 
mdisg volume before us in the comprehenjuyenees and scientific arrangement of its 
iperimental results.** 



The Building News, Sth September, 1862. 
** It is a notoriouB fact, that hitherto our knowledge of the tensile power of 
iron and steel has been of the crudest and most unsatisfiiKstory character. . . . . 1h { 
book we cordially commend. The general reader will glean finom its pages much nUik ' 
information ; to those interested in scientific pursuits the work will be an aoquiatiai; ti - 
the student of metallurgy, architects, and engineers, engaged in the applicaticm of wnn^ 
iron or steel, a great desideratum ; whilst to all those employed in the marnifactaie of im 
or steel, we unhesitatingly affirm, the possession and serious study of Mr. Kirkald/a friai 
is an absolute necessity." 

The Builder, 4th October, 186£, 
** The importance of this laborious volume is unquestionable." 

The Mining Journal, 16th August, 1862, 
'*To give anything like a complete analysis of the result of more than three jmi 
labour in a single article would, of course, be extremely difficult. We shall therefim «• 
tent ourselves for the present with remarking that the manner in which the iraikki 
been done, and the lucid way in which the results are recorded, reflect the higbsstcnil 
upon the author, and we doubt not that his book will ei^oy that large amount of ^utiwy 
it so well deserves." 

The Artizak, let August, 1862. 
'* Mr. Kirkaldy here presents us with a vast amoimt of infonnation, amnged al 
classified in a very convenient manner for reference, — ... a careful perusal of vUA 
we commend to all practical men engaged in the useful employment of steel and iron, alii 
the scientific world in general" 

The Ironmonger, SUt October, 1862. 
"As for the book itself we unhesitatingly affirm it to be the most complete reoorlcf 
an experimental inquiry ever published. Its immense superiority over most treatises oDtki 
strength of materials is chiefly owing to the author's seilsible determination to give a detakl 
account of the processes as well as of the results of his inquiry." 

Mitchell's Steam-Shipping Journal, 14th November, 1863. 
** Mr. Kirkaldy's patient and timely experiments on the strength and tensile fltnaof 
iron and steel may serve to lay the foundation for a better regulated set of Rules (Lkyfi 
Register Committee) ; and we can recommend his book to all who may wish to arrive it » 
understanding on so important a question as the qualities of iron for Shipboildiiig 0^ 
other purposes.'* 

The CJoluery Guardian, 13th September, 1862, 

" We can recommend this book. .... No one interested in the experimental <hti 
furnished by it would be without it, did they but know its real worth." 

The Athbn^um, 6th September, 1862. 
** An elaborate professional work, of the kind which we cannot criticise, oadentlyly 
an author who is competent both to experiment and to describe." 

Proceedings of the Institution op Engineers in Scotland, 18th November, 1861 
** The institution could not be too grateful to Mr. Kirkaldy for his labours; for he ^ 
collected a mass of facts which were of the highest value in a scientific and practical ff^ 
of view." 



NouvELLES Ann ALES DE LA CONSTRUCTION. —9* Aim6e.—ifa», 1863, 

'L'emploi du fer et de Tacier devient de plus en plus g6n6raL On applique au- 

r'jiWiiiTluil ce8 mdtaux k la construction des maisons, des ponts, des navires, ^h oik le bois et 

pik pierro €taient seuls employes il y a vingt ana. Dans ces diverses applications, la 

ST-'^omudssance des propri^t^s du m§tal est de la premiere importance. Elle int^resse non- 

>L ^: VMdement lea r^sultats 6conomiques des constructions, mais elle int^resse aussi la s6curit6 

P*' dee onvrages. Une explosion de chaudi^re i vapeur, une rupture d'essieu dc clicmin de 

■ ftr, la chute d*une charpente ou d'un pont, le naufrage d'un navire, n'ont souvent d'autre 

-' «aiiae qu'une erreur commise & la construction dans Tappr^ciation des qualit^s des ni6taux 

amploy§s. n semblerait done qu'une question qui int^resse aussi directement la vie des 

homines edt dd attirer depuis longtemps d6j^ Tattention des expCrimentateurs. II est 

malheureusement ais^ de reconnattre qu'il n*en a pas 6t6 ainsi. Nous ne poss^dons en 

^ cfiet aujourcVhui que quelques donn6es ^parses et tout & ^t iusuffisantes sur la r6sistance 

^'#m fer. Nous n'en avons presque aucune sur la resistance de I'acier. . . . Kouvrage 

I M. Kirkaldy a public ^ Glasgow ^ la tin de Pann^e demifere, vient nous ofiFrir le seul 

Dyeu possible, nous ne dirons pas de trancher toutes ces questions, mais tout au moins 

Pen entrcprendre I'^tude avec quelque chance de succts en nous oifrant un ensemble 

eomsi durable de fiiits. . . . Tels sont les points })rincipaux sur lesquels le pr6cieux 

trmvail de M Kirkaldy vient 6clairer I'industrie. Mais il est bieu d'autres questions 

^'^noore |x>ur lesquelles on pourra utilement chercher les Elements d'une solution dans un 

E^^mtil aussi 6tendu d'exp^riences, et nous ne pouvons mieux fairc, en terminant co 

EcQmpte-rendu d§jil surcharge })eut-dtre, que d'engagcr tons ceux qui ont int^rdt ^ bien 

* Ocumaltrc les j)roi)rict<33 du fer et de I'acier il lire attentivement I'ouvrage de M. Kirkaldy. '' 

EXTRAIT DES MiMOIRES DE LA SoClfr^ DES InO^NIEURS CiVTLS. 

? .: Comparauion d^s ProprUUs Risistantes du Fer et rfc PA cier. Par A. BrCll, Ing6nieur Civil. 

^ ** J'ai eu la bonne fortune de lire un ouvrage anglais qui a paru r§cemment, et qui 

ir^nferme les rCsultats des 6preuves k la traction faites ii Glasgow, par M. Kirkaldy, sur 

t^lus de 1,500 echantillons de fer et d'acier de toutc es]>6ce. . . . Les exi)ericnces de 

^d. Kirkaldy montrent done aussi qu'il est inexact de dire d'une fet^on g6n6rale (^ue I'acier 

1 . ^«t plus cassant que le fer. Qui, il y a des aciers plus cassants que certains fers, et tout 

V .!• monde sera d'avis, avec M. Tresca, de r6server ces aciers-lii aux emplois qui exigent uu 

L "^fital d^une grande duret6 ; mais il y a aussi des aciers ductiles et plus ductiles que ne le 

^ «tont la plupart des fers, et qui aUient il'cetle grande ductility une resistance bien supC- 

Vieure. Pour ces aciers-llL, nous ]X)uvon8 hardiment retirer la restriction que nous avons 

^(i a^lmettre tout ^ Theuro. . . . D resolte d'une sC'rie fort int^ressaute d'ex})6riences 

^uics par M. Kirkaldy et rapport^es dans wm ouvrage, que la charge limited'6preuve d'une 

^l)arre qu'on entaille n'est pas abaisa^e tout ft fidt proportionnellement k la diminution de 

section qu'am^ne Tentaille, de sorte que les raisonnements qui pr6c6dent sont, au point 

^ vue uum6rique, seulement approxiinati&. . . . Mais comment s'y prend I'ingC*- 

Hieur XK)ur protiter le^lus avantageusement de cette diversity? U etudie les propriet^s 

ties matiiJres qu'il doit employer, il se familiarise avec leur variation, il apprend 2\ mettre 

«ii regard de chaque application la provenance et le mode de fabrication qui y conviennent 

{ le uiieux. II nous reste Hl faire, ou du moins h par&ire, cette sorte d' education ^ regard 

C de Tacier qui est une mati^re relativement nouvelle, et je pense que le moyen d'arriver 

Kl ^ on succ^s qui parait certain, c'est non pas de se laisser effrayer dbs I'abord par quelques 

difficultes d'emploi, mais bien de chercher k nous instruire par Texperience pratique de 

lout oe qui intercsse les diverses varietes d*acier et les emplois auxquels elles conviennent" 
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